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(54) Abstract Title 

Rolling member 

(57) A rolling apparatus comprising an outer member, an inner member and a plurality of rolling elements 
disposed therebetween, wherein at least one of the outer member, the inner member and the rolling elements 
is formed of a martensitic stainless steel containing 0.45% by weight or less of C, 15% to 20% by weight or Cr, 
0.1% to 0.8% by weight of Mn, 0.1% to 1.0% by weight of Si, 0.05% to 2.0% by weight of N, 0.5% to 3.0% by 
weight of Mo, 1.5% by weight or less of Ni, 0.1% to 2.0% by weight of Cu, and Fe and inevitable impurities as 
the balance, wherein 

the relationship between the content of C and that of Cr satisfies C% < -0.05Cr% + 1.41; 

the relationship between a specific relational equation eq1 indicating the content of elements 
accelerating the conversion of the raw material to ferrite, taken as (eql) - Cr% + Si% + 1.5Mo%, and a specific 
relational equation eq2 indicating the content of elements accelerating the conversion of faw material to 
austenite, taken as (eq2) = C% + 0.83N% + 0.12Mn% + 0.05Ni% + 0.02Cu%, satisfies 

(eq2) > 0.04 x (eqD - 0.39; 

the total content of C and N satisfies C + N £ 0.4%; and 

the pitting index PI value satisfies PI = CR% + 3.3Mo% 30N% - 45C% > 10.0. 



U3 
ro 

CO 
00 

oo 



BNSDOCID:<GB 234482BA I > 




(74) Agent and/or Address for Service 
Gill Jennings & Every 

Broadgate House, 7 Eldon Street, LONDON, 
EC2M 7LH, United Kingdom 



(56) 



(58) 



Documents Cited 
GB 2306505 A 



GB 2284824 A GB 2073249 A 



Field of Search 
UK CL (Edition R ) C7A 
INT CL 7 C22C 38/00 
On line databases WPI,EPODOC,JAPIO 



o-a Don a 




BNSDOCID: <GB 234482BA_I_> 



2/10 



FIG.2 



20-1 





BNSDOCID: <G8 _2344826A L> 



4/10 



FIG.4a 









CE58 








A 


CE56 




















E51 






1 


■ 


E54 


— it 



100 200 300 

TIME (h) 



FIG.4b 







*— 


CE58 


—it 








CE56 










E51 




f: 




■ 




—a 


n 


m 

I 




E54 





100 200 
TIME (h) 



5/10 



FIG.5 



as 

< 1.5 
> 



O 

DC 
LU 
Q 



^ 0.5 

LLI 
O 

< 

§ 0 



E3 M.B. 

ca H.B. 




51 




Si 



54 



56 



58 



BNSDOCID: <GB 234482BA_I_> 



6/10 




%0 



7/10 




BNSDOCID: <GB 2344828A I > 




RNSDOCID: <GB 2344828A I > 



BNSDOCID: <C1R 



2344828 



O 



ROLLING HBKBER 



The present invention relates to rolling bearings used 
in precision instruments such as HDD (hsxd disk drive) or VTR, 
food machines, aircraft, machine tools and semiconductor- 
related instruments, linear guide bearings and rolling 
apparatuses such as ball screw apparatuses, and more 
particularly to rolling apparatuses excellent in 
characteristics such as resistance to fretting, acoustic 
performance, corrosion resistance and workability obtained by 
improving material compositions . 

In general, materials which have been used for rolling 
bearings include SUJ2 for bearing steels, SUS 44 OC and 13Cr 
martensitic stainless steels for stainless steels, and steel 
products corresponding to SCR 420 and SCM 420 for case 
hardening ateels. The rolling bearings are used while being 
subjected to repeated shear stress under high contact pressure. 
In order to ensure rolling fatigue strength resisting the shear 
stress, therefore, hardening and tempering are performed to 
bearing steels, hardening, subsero treatment and tempering to 
stainless steels, and hardening and tempering to case hardening 
steels after carburizing or carbonitriding to realise a 
hardness of 58 to 64 in HRC. 

However, these rolling bearings are used under a great 
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variety of circumstances, and the use of ball bearing steels 
causes the possibility of early rusting by salt damages in 
regions adjacent to sea, invasion of water or sea water, or 
exposure or use under corrosive circumstances such as wetted 
conditions and the like. 

Then, in the rolling bearings used under corrosive 
circumstances or particularly requiring the prevention of 
rusting, high carbon Cr martensitic SUS 440C has hitherto been 
used as stainless ball bearing steels excellent in corrosion 
resistance and having a hardness of 58 or more in HRC which is 
necessary for the bearings. 

Further, the rolling bearings used in various spindles, 
various spindle motors and swing arms of HDD devices are 
required to have excellent rotational and acoustic performances 
and resistance to fretting, and to be small in torque 
fluctuations. However, the conventional stainless steels 
contain a number of coarse eutectic carbides having a size of 
more than 10 urn, so that it is difficult to obtain desired 
working accuracy. For example, the acoustic performance 
thereof is liable to be inferior to those of the rolling 
bearings made of ball bearing steels. 

Then, in the spindle motors particularly used for 
driving magnetic discs for rotation and requiring sufficient 
rotational and acoustic performances, the rolling bearings made 
of ball bearing steels are used in many cases for this reason. 
In contrast, the rolling bearings for swing arms used for 



driving the swing anas performing access positioning to 
effective areas of the magnetic discs are used under swinging 
conditions. It is therefore difficult to form oil film* 
between the rolling elements and races, so that torgue 
fluctuations and torque spikes axe developed by fretting wear 
to cause harm to the read function of the HDD devices in some 
cases . 

Accordingly, high carbon Cr stainlese steels good in 
resistance to fretting are u«ed in many cases in the rolling 
bearings for swing arms, and in recent years, 13Cr martensitic 
stainless Steele improved in rotational and acoustic 
performances are often used as stainless ball bearing steels 
for the rolling bearings used in the swing arms of the HDD 
devices and the like. 

On the other hand, in the case of linear guide bearing 
apparatuses comprising guide rails and sliders, or ball screw 
apparatuses comprising screw shafts and nuts, JIS-SOS 440C and 
13Cr martensitic stainless steels (carbon content: 0.6% to 
0.7%) and further precipitation hardening type stainless steels 
such as JIS-SUS 630 are used as corrosion-resistant stainless 
materials used: therein. 
fl r «ft of Rolling Bearings 

In the high carbon Cr stainless steels as described 
above, when the content of C and Cr is increased, for example, 
when C is contained in an amount of more than 0.6% by weight, 
a number of coarse eutectic carbides having a size of more than 
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10 Mm are formed coupled with a large amount of Cr . These not 
only reduce the fatigue strength, toughness and resistance to 
corrosion of the rolling members, but also deteriorate 
workability such as the malleability and machinability . 

Further, the presence of the coarse eutectic carbides 
sometimes adversely affects the acoustic performance of the 
rolling bearings. The acoustic performance indicates the 
degree of noise developed by signals generated in operation of 
the rolling bearings, and often causes a serious problem in 
relatively small-sized stainless steel rolling bearings used in 
precision instruments such as HDD devices which are apt to be 
easily damaged by vibration. 

That is to say, the vibration developed in the bearings 
largely depends on the conf igurational accuracy of outer races, 
inner races or shaft elements, and rolling elements thereof. 
Accordingly, when materials containing the coarse eutectic 
carbides are used for the bearings, the coarse carbides inhibit 
the achievement of desired accuracy in finishing the bearings, 
and further, the difference in wear between grounds and the 
eutectic carbides arises also in rotation operation to cause a 
reduction in accuracy of roughness and the like. Furthermore, 
these eutectic carbide particles interfere with one another at 
their contact surfaces, resulting in increased noise. 

As described above, the coarse eutectic carbides not 
only deteriorate the acoustic performance of the bearings, but 
also become sources of stress concentration to decrease the 



fatigue strength, and further to cause deterioration in 
toughness and resistance to corrosion- Accordingly, the high 
carbon Cr martensitic stainless steels such as SUS 4 4 0C not 
only have no sufficient resistance to corrosion and no 
mechanical strength, but also is extremely poor in acoustic 
performance, and is further high in cost. It has been 
therefore impossible to suitably use it for the rolling 
bearings used under corrosive circumstances or the rolling 
bearings used in various spindles, various spindle motors and 
the swing arms for the HDD devices* 

Further, these rolling bearings are fixed with 
adhesives in many cases, and adhesion of rust preventive oil 
raises various problems. For example, the adhesive strength is 
decreased, or the rust preventive oil chemically reacts with 
the adhesives to contribute development of rust and further to 
generate out gas , which adheres to disc surfaces to reduce 
reliability of the HDD devices. Accordingly, the rolling 
bearings are completely degreased in many cases . It is 
therefore considered that stainless steels are better for the 
rolling bearings. However, stainless steels are high in cost 
compared with bearing steels such as SUJ2 . Moreover, it 
contains a number of coarse eutectic carbides, although it is 
good in resistance to corrosion and resistance to fretting 
compared with SUJ2 - It is therefore difficult to obtain target 
working accuracy. Further, these rolling bearings tends to be 
inferior to ones made of SUJ2 in acoustic performance, so that 
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it is difficult to use them for the rolling bearings for 
spindle motors requiring high rotational and acoustic 
performances. Furthermore, with respect to the rolling 
bearings for various spindles, further improvements in 
resistance to fretting during conveyance and operation of the 
spindles have been desired. 

JP-B-5-2 7 34 (the term "JP-B" as used herein means an 
"examined Japanese patent publication") discloses martensitic 
stainless steel rolling bearings significantly improved in 
acoustic performance and fatigue strength in which the content 
of C and Cr is decreased to inhibit formation of eutectic 
carbides. However, they are inferior to SUJ2 in the size of 
carbides, and are not only poor in acoustic performance, but 
also take cost into no consideration. Further, this 
publication discloses no resistance to fretting which is a 
required characteristic for the rolling bearings for HDD swing 
arms at all, and further describes no workability at all. 

Further, in JP-A-6-117439 (the term M JP-A" as used 
herein means an "unexamined published Japanese patent 
application"), attempts have been made to form both or one of 
outer races and inner races of martensitic stainless steels, 
and to form rolling elements of ball bearing steels, thereby 
reducing cost and improving the acoustic performance. However, 
stainless steels used in races in this publication are the same 
as the martensitic stainless steels described in JP-B-5-2734. 
These stainless steels are inferior to ball bearing steels such 
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have • hardnee. of about 33 to about 36 in HRC even in the 
solution-treated state. These stainleBS steels ere therefore 
extremely poor in cold workability, resulting in a very high 
production cost of parts, so that they are not used so much 
except specific fields such as atomic power-related fields. 

Then, 13Cr high carbon martensitic etainle.s Steele 
have recently been used in which the content of C and Cr in SuS 
440C difficult to be worked is decreased to improve cold 
deformadly drawing workability. However, even in thi. 
material, the improving effect i. insufficient yet. Dies are 
early broken, or revision, become neces.ary. Thu., the 
problems are not sufficiently solved. 

Further, the conventional high carbon marten.itic 
steinles. steel, are work hardened to sometime, develop aging 
crack, vertically along a groove largest in the reduction ratio 
of are. in deformedly drawing it. Special attention such es 
tempering immediately after drawing should be given. 

Similarly to the rolling bearing., the linear guide 
appar.tu.es having the above-mentioned rolling element, are 
often used while being subjected to repeated shear stress under 
hi gh contact pressure. in order to ensure rolling fatigue 
■trength resisting the shear stress, therefore, tempering i. 
performed after forming to increase the surface hardnes. in 
production thereof. A. the conventional tempering methods, 
method, of conducting through hardening under vacuum and 
methods of conducting induction hardening are known. 
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However, in the former, the whole parts are heated to high 
temperatures, followed by rapid cooling. Accordingly, more 
deformed or longer parts results in larger unbalance in cooling 
velocity of the whole parts, which causes large deformation and 
bend of the parts in some cases . 

On the other hand, the latter induction hardening 
methods have the advantages that partial hardening can be 
easily performed by the design of hardening coils, that 
deformation, bend and twist are scarcely developed because of 
no necessity to apply heat to the whole parts, and that the 
deformation and the like are easily corrected, because non- 
hardened layers such as core portions are sufficiently soft. 
Accordingly, of the parts such as the rails and sliders 
constituting the linear guide devices, particularly, deformed 
or long ones are hardened by the latter induction hardening in 
many cases . 

However, the conventional stainless steels are low in 
diffusion velocity of carbon compared with carbon steels for 
machine structural use, and further, coarse eutectic carbides 
formed in the course of solidification are difficult to be 
dissolved in grounds. It is therefore difficult to obtain the 
depth of hardened layers by heating for a short period of time 
according to induction hardening. When the deep depth of the 
hardened layers is intentionally obtained by high frequency 
output or hardening velocity, the excess dissolution of the 
carbides lowers the Ms point to inhibit the martens it ic 

- 9 - 



transformation. Accordingly, a large amount of the remaining 
untranc formed eustenlte raise the problem of failure to obtain 
sufficient surface hardness or generation of unevenness in 
hardnese. Further, the conventional stainless steels contain 
a number' Of coarse eutectic carbides independent of hardening 
methods, bo that they act as sources of stress concentration to 
decrease the rolling fatigue Btrength, and further to have no 
sufficient resistance to corrosion. 

jp-A-2-310342 and JF-A-3-138335 disclose martensitic 
stainless steels for cold forging and methods for producing 
them. These stainless steels contain not only the insufficient 
content of carbon contributing to solid solution or 
precipitation strengthening, but also no nitrogen having 
suitable influences on the rolling fatigue strength, wear 
resistance and resistance to corrosion. They are therefore 
insufficient for bearing application receiving repeated fatigue 
under high contact pressure. 

Further, the linear guide devices and the bell screw 
apparatuses are accompanied by repeated reciprocating motion at 
short stroke, so that they require the resistance to fretting, 
similarly to the rolling bearings. 

Pjane of On*.n U«ed under Se"f° renditions Such Afl Corrosive 

partition s ^Problems rommvn to Boning Benrinqs , L i near Salda 
p^ripo A r r ArAtti ge « and Ball PrrflV nPP3ratMgt«l 

When the resistance to corrosion is particularly 
required for the above-mentioned rolling apparatuses such as 
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the rolling bearing*, the linear guide bearing apparatuses and 
the ball screw apparatuses, hard Cr plating, fluoride laident 
and other various surface coating treatments are performed on 
these stainless steels, bearing steels and further carburized 
or carbonitrided case hardening steels. However, the rolling 
bearings have the problem that they are damaged in the 
vicinities of surfaces thereof by fatigue and wear to easily 
separate off coatings discontinuous to base phases, resulting 
in failure to obtain sufficient durability. 

On the other hand, German Patent No. 3,901,470 
discloses that unprecedented highly corros ion-res ietant and 
high functional martensitic stainless steels are obtained by 
■instituting carbon by nitrogen. Such stainless steels have 
recently been presented in many literatures mainly in Europe 
( gxacfled ins nf intflTDfttisafiJ concrnfm fitninlflftg Steal , 42-46 
(1996) and the like) (material name* Cronidur 30 or X30) . 

in general, addition of nitrogen to stainless steels 
are mainly conducted in ' auatenitic stainless steels. 
Martensitic stainless steels have the problem that the 
solubility of nitrogen is low and therefore inclusion of a 
large amount of nitrogen induces the development of bubbles in 
the course of solidification to introduce a large number of 
pores into ingots, resulting in damage of the soundness of the 
materials. Accordingly, this technique has not hitherto been 
actively made, and has scarcely come in practice. 

In contrast, the above-mentioned German Patent makes it 
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possible to alloy more than 0.3% of nitrogen by performing 
steel production in a pressure vessel under an atmosphere of 
r^. nitrogen having a pressure of tens of atmospheres. However, in 

other words, the steel production in a pressure vessel is 
necessary, and the course of steel production becomes special. 
There is therefore the problem that an increase in cost is 
unavoidable in terms of investment in equipment and 
productivity. 

Further, materials used for applications of aircraft 
and corrosion-resistant bearings used at relatively high 
temperatures require not only excellent resistance to 
corrosion, but also excellent durability at high temperatures. 
However, as to the materials described in the above-mentioned 
German Patent, there is still room for improvement in this 
respect . 

Preferably the present invention provides a 
rolling apparatus free from the above-mentioned problems. 

Preferably the present invention provides 
a rolling bearing, particularly a ball bearing, at low cost, in 
which a material composition having excellent resistance to 
corrosion is further improved to impart good workability 
thereto, which is excellent not only in rolling life, but also 
in functions such as the resistance to fretting and acoustic 
performance, and which can be suitably used as one adhered to 
a shaft with an adhesive particularly in an assembling stage of 
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ft bearing used under corrosive circumstances or an HDD device 
(accordingly, one requiring the resistance to corrosion). 

Preferably the present invention provides 
^ a rolling device for a linear guide apparatus or a ball 

ecrew apparatus, which i. excellent net only in rolling life, 
but alao in resistance to fretting, further significantly 
excellent in resistance to corrosion, can be used under 
corrosive circumstances or at high temperatures, is excellent 
in workability and can be provided at low cost. 

Preferably the present invention provides 
a rolling bearing, particularly a ball bearing, excellent in 
function, such a. rolling life, resistance to fretting and 
acoustic performance at low cost, by optimising the combination 
of constituent parts, in the case where the re.i.tance to 
corrosion is relatively unnecessary. 

Preferably the present invention provides 
provide a rolling member for a rolling bearing, a linear guide 
apparatus or a ball screw apparatus, which is particularly 
suitable for use under severe circumstance, such a. corro.iv. 
conditions . 

According to one aspect of the present invention 

a rolling apparatu. 

comprises an outer member, an inner member and a plurality of 
rolling elements disposed therebetween, the rolling elements 
rolling in contact with a first contact surface of the outer 
member and a second contact surface of the inner member facing 
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thereto, wherein at least one of the outer member, the inner 
member and ' the rolling elements is formed of an alloy steel 
containing 1.5% by weight or less of C, 10% to 20% by weight of 
Cr, 0.1% to 0.8% by weight of Mn, 0.1% to 1.0% by weight of Si 
and less than 0.2% by weight of N. 

In particular, in the rolling apparatus of the present 
invention, at least one of the outer member, the inner member 
and the rolling elements is formed of at least one suitably 
selected from the following (1) to (6), depending on the more 

detailed object. 

First, the materials particularly low in cost, 
excellent in resistance to corrosion, and further excellent in 
acoustic characteristics, resistance to fretting or workability 
include the following (1) to (3). 

(1) A martensitic stainless steel containing 0.6% by 
weight or less of C, 10% to 14% by weight of Cr, 0.1% to 0.8% 
by weight of Mn, 0.1% to 1.0% by weight of Si, less than 0.2% 
by weight of N, 0.5% by weight or less of Mo, 0.2% by weight or 
less of V, and Fe and inevitable components as the balance, 
wherein 

(a) the relationship between the content of C and that 
of Cr satisfies C% < -0.05Cr% + 1.41; 

(b) the relationship between a specific relational 
equation eql indicating the content of elements accelerating 
the conversion of the raw material to ferrite, taken as (eql) 
= Cr% + Si% + 1.5Mo% + 3.57%, and a specific relational 
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^„ n4 ..-t of elements accelerating 

equation eq2 indicating the content of exe 

-raw material to eustenite, taken aa (eg2) 
the conversion of the raw materioj. 

- C% ♦ 0.83N% + 0.12Mn%, eatiefies 

(eq2) * 0.04 x (eql) - 0.39, 

"(eql) S 14.0, and 

(eq2) s 0.8; end 

(c) the total content of C and N satisfies C ♦ N * 

0.45% (Steel I) \ 

(2 ) A steel having a hardness of 57 or more in HRC, 

secondary hardenability and a nitride layer of 2% or less of a 
diameter Da of a rolling element on a surface layer of . 
finished article (Steel II) i end 

(3) A martenaitic stainless steel excellent in silence 
and resistance to corrosion, which contain. 0.30% to 0.45% by 
weight of C, 10.5% to 13.5% by weight of Cr, 0.1% to 0.8% by 
weight of Mn, 0.1% to 1.0% by weight of Si, 0.05% to 0.19% by 
weight of N, and Fe and inevitable components as the balance, 
wherein C ♦ N is 0.5% by weight or more (Steel III). 

Ae the material for a member effective for resistance 
to fretting or acoustic characteristic, by use in combination 
with a rolling membsr formed of the above-mentioned (1) or (3), 
or a high Cr martensitic stainless steal, there 1. * material 
of (4). 

(4) A specific high carbon steel containing 0.8% to 
1.5% by weight of C, 0.1% to 2.0% by weight of Cr, 0.1% to 1.5% 
by weight of Mn, 0.1% to 1.0% by weight of Si, and Fe and 
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inevitable components as the balance. 

Then, the materials for a rolling member requiring 
particularly severe resistance to corrosion include the 
following (5) and (6). 

(5) A martensitic stainless steel containing 0.45% by 
weight or less of C, 15% to 20% by weight of Cr, 0.1% to 0.8% 
by weight of Mn, 0.1% to 1.0% by weight of Si, 0.05% to less 
than 0.2% by weight of N, 0.5% to 3.0% by weight of Mo, 1.5% by 
weight or less of Ni, 2.0% by weight or less of Cu, and Fe and 
inevitable components as the balance, wherein 

the relationship between the content of C and that of 
Cr satisfies C% < -0.05Cr% + 1-41; 

the relationship between a specific relational equation 
eql indicating the content of elements accelerating the 
conversion of the raw material to ferrite, taken as (eql) = Cr% 
+ Si% + 1.5Mo%, and a specific relational equation eq2 
indicating the content of elements accelerating the conversion 
of the raw material to austenite, taken as (eq2) = C% + 0.83N% 
+ 0.12Mn% + 0.05Ni% + 0.02Cu%, satisfies 
(eq2) > 0.04 x (eql) - 0.39; 

the total content of C and N satisfies C + N > 0.4%; 

and 

the pitting index PI value satisfies PI = Cr% + 3.3Mo% 
+30N% - 45C% > 10.0 (Steel IV); and 

(6) A martensitic stainless steel containing 0.45% by 
weight or less of C, 15% to 20% by weight of Cr f 0.1% to 0.8% 
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by weight of Mn, 0.1% to 1.0% by weight of Si, 0.05% to less 
than 0.2% by weight of N, 0.5% to 3.0% by weight of Mo, 1.5% by 
s~\ weight or less of Ni, 2.0% by weight or less of Cu, 1.0% to 

7.0% by weight of Co, 1.0% by weight or less of V, and Fe and 
inevitable components as the balance, wherein 

Mo + V is 0.8% to 4.0% by weight; 

Co + Ni is 2.0% to 8-0% by weight; 

the relationship between the content of C and that of 
Cr satisfies C% < -0.05Cr% + 1.41; 

the relationship between a specific relational equation 
eql indicating the content of elements accelerating the 
conversion of the raw material to ferrite, taken as (eql) = Cr% 
+ Si% + 1.5Mo% + 3.5V%, and a specific relational equation eq2 
indicating the content of elements accelerating the conversion 
of the raw material to austenite, taken as (eq2) » C% + 0.83N% 
+ 0.12Mn% + 0.05(Ni + Co)% + 0.02Cu%, satisfies (eq2) > 0.04 x 
(eql) - 0.39 and (eq2) < 0-8; 

the total content of C and N satisfies C + N > 0.4%; 

and 

the pitting index PI value satisfies PI « Cr% + 3.3Mo% 
+30N% - 45C% > 10.0 (Steel V). 

Further, preferred embodiments of the present invention 
include the following: 

(a) A rolling bearing having a plurality of rolling 
members comprising an outer race and an inner race or a shaft 
element, and a plurality of rolling elements disposed between 
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the outer race end the inner race or the .haft element, wherein 
at least one of the rolling members 1. formed of the above- 
O mentioned mertensitic stainless steel of (1); 

( b) The rolling bearing of the above-mentioned <a), 
wherein the rolling elements are formed of a high carbon Cr 
mertensitic stainless steel; 

(c) a rolling bearing having s plurality of rolling 
sabers comprising an outer race and an inner race or a shaft 
element, and a plurality of rolling element, disposed between 
the outer race and the inner race or th. shaft element, wherein 
the outer race and the inner race or the shaft element are 
forsied of the above-mentioned specific high carbon steel of 
(4 ), and the rolling element, are formed of a high Cr 
mertensitic stainless steel; 

( d) The rolling bearing ox the above-mentioned (c), 
wherein the rolling element, are formed of a high Cr 
rn.rten.itic .tainlee. steel containing 0.05% to less than 0.2% 

by weight of hi 

,., A rolling b.erln, ^vlng a plurality of rolling 
M1 nb.r. eo»pri.in, an outer r.o. end an Inner reo. or . .belt 
element, end a plurality of rolling element, di.po.ed between 
the outer r.c. end th. inner r.o. or th. .heft el—nt, wherein 
at l.a.t on. ot the outer r.ce, the inner race or th. .h.£t 
element, and the rolling element, are for«d of th. above- 
mentioned aeoondary hard.nebl. at.ei o£ (2) containing 0.45% by 
weight or leas of C, 12.0% to 13.5% by weight of Cr, 0.1% to 
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0.8% by weight of Mn, 0.1% to 1.0% by weight of Si, 0-05% to 
0.5% by weight of N and 3.0% by weight or less of Mo, wherein 
O C + N is 0.5% by weight or more, end a fine carbide having a 

particle site of 2.0 mn or leas is dispersed in the above- 
mentioned nitride layer; 

(f) The rolling bearing of the above-mentioned (e), 
wherein the rolling elements are formed of a ceramic material; 

(g) A rolling bearing having a plurality of rolling 
member a comprising an outer race and an inner race or a ehaft 
element, and a plurality of rolling elements diapoaed between 
the outer race and the inner race or the shaft element, wherein 
at least one of the rolling members is formed of the above- 
mentioned stainless steel of (3) containing a carbide having a 
particle sise of 2.0 \m or lese end an area fraction of 5% or 
less; 

(h) The rolling bearing of the above-mentioned (g), 
wherein the stainless ateel of (3) satisfies at least one of O 
* 20 ppm, Ti + 0.1A1 s 50 ppm and S & 100 ppm; 

(i) The rolling bearing, wherein at least one of the 
outer race and the inner race or the shaft element is formed of 
the above-mentioned stainless steel of (3), and the rolling 
elements are formed of the above-mentioned specific high carbon 
steel of (4); 

(j) The rolling bearing of the above-mentioned (i), 
wherein the outer race and the inner race or the shaft element 
are formed of a material containing a carbide having a particle 
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,i„ of 2.0 M» or 1... and an .«a faction of 5% or 1 nd 

th.' rolling .!-««. th.'o«« race .nd th. inner r.c. cr th. 
O -»« eleven, .ati.fy .« lea" on. of 0 * 20 PP». Ti * 0.U1 « 

50 pp. and E i 100 ppmi 

(k) X Un.ar guida b.»rln 9 apparatu. h.vln, a plurality 

ot rollin, conprl.in, a guid. rail, a .11— — • 

pl»r.l«y of rolling .!—«.. « » >»11 apparatu. havin, 

. pl«r.lity ol rolling Mb« cc.prl.in, a .=»- a nut 

.nd a Plurality of rolling .!«.»«. »»er.in " OM ° f 

th. rolling .l«~nt. 1. for».d of th. above-»ention.d .t.inl... 
.t..l of <1>. and particularly c . „ i. hy weight or lea. 

in th. .tainl... »t.el (1)1 

,1, fl» lin.ar guid. baarin, app«.t». or th. b.U 
.cr« .PP."". of th. .bov.-»ntio»e» (k), vh.r«in a rolling 
. u rf.c. with th. rolling ha. a hard.n.d aurf.c. by 

induction hardening? 

,., A rolling .PPaxatu. co.pXi.ing .n out.r *~b.r, an 

inn .r «-« .nd . Plurality of rolling '^'"^ 
th.r.bet-..n, wh.r.ir. at l.a.t on. of th. out.r — «' * 
lnn .r — r .nd th. rolling element, i. «o— ot th. ebove- 
B .ntlon«l .tainl... .t»l of CM (St..l IV), and 

,») » rolling apparatu. co.nprl.lng an out.r mejabar, 

™j . Plurality of rolling elenent. di.po.ed 
inner raejab.r and a plurality 

th.reb.tw..n. »h.r.in at l.a.t on. of the out.r »e^.r 
lnnet «„b.r and th. rolling ele-ent. i. for.ed of th. abo,.- 
M „tioned .tainl... «t..l of (6) (Ste.l V). 
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Particular embodiments in accordance with this 
invention will now be described with reference to the 
accompanying drawings; in which :- 

Fig. 1 is a front view showing a fretting fatigue 

tester . 

Fig, 2 is a schematic view in which force applied to a 
ball bearing with the fretting fatigue tester is indicated by 
arrows . 

Figs. 3a and 3b are schematic views showing a surface 
damage type radial strength tester, wherein Fig. 3a is a plan 
view thereon and Fig. 3b is a cross sectional view taken along 
line a-a' in Fig. 3a. 

Figs. 4a and 4b are a graph showing changes in acoustic 
performance in Example V. . 

Fig. 5 is a graph showing changes in initial anderon 
values and anderon values after 300 hours in Example V. 

Fig. 6 is a graph showing a correlation between the C 
content and the Cr content. 

Fig. 7 is a graph showing a correlation between eql and 

eq2 . 

Fig. 8 is a graph showing the relationship of hardness 
(HRC) to eg2. 

Fig. 9 is a graph showing a correlation between the PI 
value and the pitting potential. 

Fig. 10 is a graph showing a correlation between the 
content of Co + Ni or Mo + V and the high-temperature life. 
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r^fi of Rolling Bearings 
(^) First Embodiment 

In Japanese Patent Application No, 7-271111 (jp-A-9- 
287053)/ the present inventors have previously found out the 
relationship between the concentrations of C and Cr which forms 
no coarse eutectic carbide , have reduced the carbon 
concentration in the steel which adversely affects the 
resistance to corrosion, and have added nitrogen having a solid 
solution strengthening action similarly to carbon instead 
thereof, thereby (1) inhibiting formation of the coarse 
eutectic carbide, (2) greatly improving the resistance to 
corrosion by addition of nitrogen, and (3) improving the 
hardness and the wear resistance by the precipitation 
strengthening action and solid solution strengthening action of 
nitrogen- Thus, the present inventors have invented the 
martensitic stainless steel which can be suitably used in 
bearings • 

However, the above-mentioned invention only improves 
the function of the bearings, and no reference is made to the 
workability which is very important with respect to cost and 
the resistance to fretting which is a required characteristic 
for the bearings for HDD swing arms . 

Then, in order to improve the productivity and develop 
a high-functional stainless steel for a bearing at low cost, 
the present inventors have conducted intensive investigation on 
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the influence of alloy components. As a result, the present 
inventors have discovered that a reduction in carbon content 
and addition of nitrogen instead thereof allows a coarse hard 
eutectic carbide to disappear to form a fine spherical carbide- 
nitride, that the restriction of the content of Si, Mn, Cr, Mo 
and V within a certain threshold range can inhibit an increase 
in hardness after annealing and greatly improve the workability 
to provide a high-functional inexpensive stainless steel 
bearing, and further that the use of this material on the race 
side and a high carbon Cr martensitic stainless steel on the 
rolling element side can more improve the resistance to 
fretting as compared with the use of a single material to 
provide a rolling bearing which can be suitably used as a 
bearing for HDD swing arms. 

That is to say, this rolling bearing has a plurality of 
rolling members each comprising an- outer race and an inner race 
or a shaft element, and a plurality of rolling elements 
disposed between the outer race and the inner race or the shaft 
element, wherein at least one of the rolling members is formed 
of a martensitic stainless steel containing 0.6% by weight or 
less of C, 10% to 14% by weight of Cr, 0.1% to 0.8% by weight 
of Mn, 0.1% to 1.0% by weight of Si, less than 0.2% by weight 
of N, 0.5% by weight or less of Mo, 0.2% by weight or less of 
V, and Fe and inevitable components as the balance, wherein the 
relationship between the content of C and that of Cr satisfies 
C% < -0.05Cr% + 1.41; the relationship between a specific 
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relational equation eql indicating the content of elements 
accelerating the conversion of the raw material to ferrite, 
taken as (eql) « Cr% + Si% + 1 . 5Mo% + 3 . 5V% , and a specific 
relational equation eq2 indicating the content of elements 
accelerating the conversion of the raw material to austenite, 
taken as (eq2) = C% + 0.83N% + 0.12Mn%, satisfies (eq2) * 0.04 
x (eql) - 0.39, (eql) < 14.0 and (eq2) * 0.8; and the total 
content of C and N satisfies C + N > 0.45% (steel I of the 
invention) . 

More preferably, the rolling bearing comprises an outer 
race, an inner race or a shaft having groove(s), and a 
plurality of rolling elements which are disposed between the 
outer race and the inner race or between the outer race and the 
shaft, at least one of the rolling members (except for the 
rolling elements) which are used in rolling contact with the 
rolling elements, i.e., at least one of the inner race (or the 
shaft) and the outer race is made of this martensitic stainless 
steel and the rolling elements are made of a high carbon Cr 
martensitic stainless steel. 

ppcond Embodiment 

in order to provide a high-functional rolling bearing 
for various spindles, spindle motors and HDD devices at low 
cost, the present inventors have studied improvements in 
acoustic performance and resistance to fretting by using high 
carbon steels such as bearing steels low in material cost and 
working cost in the outer and inner races having a great cost 
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reduction etfeet, end diff.r.n* N^eri.!. in roHin, 
element.* • 

The studies have showed that (1) the use of high carbon 
steel* in the races and stainless steels in the rolling 
slements We improves the roughness accuracy of the' race, than 
the conventional stainless steel rolling bearing, and removes 
the mutual interference of coarse carbide particles to exhibit 
excellent acoustic performance, and that ( 2) although the 
contact of the high carbon steel, with the stainless steel, 
.lightly increases the fretting abrasion in the stainless 
steel, es compared with the contact of single materials, the 
fretting on the high carbon steel side is extremely inhibited, 
resulting in a significant improvement in the resistance to 
fretting, *s compared with the conventional rolling bearings 

made of bearing steels. 

Namely, the present inventors have discovered that the 
use of the stainless steel, in the race, and the high carbon 
steels in the rolling element, not only give a .mall effect to 
cost, but else csu... easy fretting damage on the stainless 
steel race side, compared with the case where both the races 
and the rolling elements are constituted by the single 
stainless steel materials, unfavorably resulting in damage of 
the inherent functions of the stainless steels, and the 
combination of the high carbon steels used in the races and the 
stainless steels used in the rolling element, is suitable, 
particularly, in the case where fretting is problematic such as 
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bearings for swing arms. The reason is that microslips bstween 
the race {or the shaft) and the bail caused by eudden 
acceleration and deceleration of oscillation movement shift a 
rolling site of the ball with the opposite member (the race or 
the shaft) "little by little, whereas the race (or the shaft) is 
disadvantageous in the fretting because of Its small ahift. 

Further, it is revealed that when nitrogen is uBed as 
a component of the stainless steel, nitrogen enhances a 
friction decreasing effect of a passive state membrane, or a 
transferred membrane is liable to be formed on the other side 
in contact therewith, which makes it possible to inhibit the 
fretting damage of the opposite member. 

Furthermore, it has become clear that the use of the 
high carbon steel in the race and the stainless steel in the 
rolling element can reduce the internal friction because the 
high carbon steel is somewhat harder than the stainless steel, 
and tends to decrease the start-rotation torque of the bearing 
because of the decreased epecific gravity of the rolling 
element, which makes it possible to suitably uee this bearing 
as a bearing for various spindles, various spindle motors and 
swing arms for HDD devices . 

That is to say, this rolling baring has a plurality of 
rolling members each comprising an outer race, an inner race or 
a shaft element, and a plurality of rolling elements disposed 
between the outer race and the inner race or between the outer 
race and the shaft element, wherein at least one of the rolling 



members except the rolling elements is formed of the specific 
high carbon steel of the above (4) containing 0.8% to 1.5% by 
weight (preferably, 0.9% by weight or less) of C, 0.1% to 2.0% 
by weight (preferably, 0.6% by weight or less) of Cr , 0.1% to 
1.5% by weight of Mn, 0.1% to 1.0% by weight of Si, and Fe and 
inevitable components as the balance, and the rolling elements 
are formed of a high Cr martens itic stainless steel, 
particularly preferably a high Cr martensitic stainless steel 
containing 0.05% to less than 0.2% by weight of nitrogen. 

According to this embodiment, the rolling bearing used 
for various spindles, various spindle motors and swing arms for 
HDD devices can be provided at low cost by constituting the 
outer race and the inner race or the shaft element which have 
hitherto been constituted by the single material and to which 
cost is easily reflected, with the high carbon steel which is 
inexpensive and good in workability, and using the stainless 
steel in the rolling elements which are small in volume and 
simple in shape and which material cost including working cost 
is not reflected to so much, and further, the mutual 
interference of carbide particles is eliminated thereby. 
Furthermore, improvements in the hardness and the roughness 
accuracy of the race provide low torque, narrow fluctuation in 
torque and excellent acoustic performance, and can further 
improve oscillation durability by a fretting decreasing effect 
of the stainless steel to the other material. In addition to 
a wear reducing effect of the rolling element, the coefficient 



of linear expansion and the specific gravity of the rolling 
element is small, so that this embodiment can also be suitably 
used as a rolling bearing for machine tools used at high-speed 
rotation . 

This embodiment may further be applied to the linear 
guide apparatuses and the ball screw apparatuses. For the 
linear guide apparatuses, the rails and the sliders are formed 
of the above-mentioned high carbon steel (4), and the rolling 
elements are formed of the high Cr martensitic stainless steel. 
For the ball screw apparatuses, the screw shafts and the nuts 
are formed of the above-mentioned high carbon steel (4), and 
the rolling elements are formed of the high Cr martensitic 
stainless steel. In that case, it is further preferred that 
the rolling elements contain 0.05% to 0.20% by weight of N, as 
is the case with the rolling bearings. 
Third Em bodiment 

In recent years, the rolling bearings used for various 
spindles, various spindle motors and swing arms used in HDD 
devices have been requested to have higher resistance to 
fretting, and further improvements have been required toward 
near future. Then, the present inventors have conducted 
intensive investigation to develop the rolling bearing having 
both the excellent acoustic performance and resistance to 
fretting. 

A third embodiment of the rolling bearing according to 
the present invention attaining the above-mentioned objects has 
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a plurality of rolling members each comprising an outer race, 
an inner race or a shaft element, and a plurality of rolling 
elements disposed between the outer race and the inner race or 
the shaft element, wherein at least one of the rolling members 
is formed of a steel having secondary hardenability and a 
nitride layer of 2% or less of a diameter Da of a rolling 
element on a> surface layer of a finished article (steel II of 
the invention). More preferred examples of the rolling 
bearings include a rolling bearing having a plurality of 
rolling members each comprising an outer race f an inner race or 
a shaft element, and a plurality of rolling elements disposed 
between the outer race and the inner race or the shaft element, 
wherein at least one of the rolling members is formed of a 
steel having secondary hardenability and a nitride layer of 2% 
or less of a diameter Da of a rolling element on a surface 
layer of a finished article, the rolling element being further 
formed of a ceramic material . 

This embodiment has a nitride layer (nitrogen-enriched 
layer) comprising Cr nitride and Fe nitride as a surface layer, 
the nitride layer being one nitrided at a temperature of 480°C 
or less, preferably 4 30°C or less. Addition of such a nitride 
layer to the bearing material can prevent adhesion, decrease 
friction and significantly improve fretting damage. In this 
case, the use of a general bearing material such as SUJ2 having 
no secondary hardenability extremely softens a substrate under 
the nitride layer after nitriding, and the application of 
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pressure or weight to the bearing induces plastic deformation, 
which causes deterioration of acoustic characteristics. 
Accordingly/ the material is required to have the secondary 
hardenability, and preferably, it has a hardness of 57 or more 
in HRC . More preferably, the size, of carbide particles 
dispersed therein is as very fine as 2 nm or less. 
Particularly preferred is a -raartensitic stainless steel 
containing 0.45% by weight or less of C, 0.05% to 0.50% by 
weight (preferably, 0.05% to 0.20% by weight in terms of cost) 
of N, 12.0% to 13.5% by weight of Cr, 0.1% to 0.8% by weight of 
Mn, 0.1% to 1.0% by weight of Si, optionally, 3.0% by weight or 
less (preferably, 0.5% by weight or less) of Mo, and Fe and 
inevitable components as the balance, wherein C + N is 0.5% by 
weight or more is preferably used. 

The rolling bearings used in information instruments 
are closely controlled particularly in accuracy, so that an 
increase in nitriding temperature damages the surface roughness 
and roundness, resulting in inapplicability. Accordingly, the 
nitriding temperature is preferably 480°C or less, and more 
preferably 430°C or less. 

The bearings are usually worked to a desired shape by 
cutting work, assembled through the steps of heat treatment, 
cutting work and finishing, and shipped. The secondary 
hardening treatment (high-temperature tempering) is conducted 
at a temperature (450°C to 4 80°C) higher than that in nitriding 
after hardening, followed by nitriding. In some cases, the 



- 30 - 



bearings are cut and ground after the tempering and the 
secondary hardening treatment, and nitrided after final 
finishing • 

When the interface of the nitride layer and the 
substrate becomes deeper than the maximum shear stress depth, 
cracks are sometimes developed in the interface or "the nitride 
layer by impact load or excess pressurization during 
transportation to damage the bearing. Accordingly, the depth 
of the nitride layer is 2% or less of a rolling element 
diameter Da, and the substrate is formed of a secondary 
hardened steel having a hardness of 57 or more in HRC which is 
high in toughness and resistible to rolling fatigue. The 
increased depth of nitride layer not only increases cost by 
long-term treatment, but also tends to cause deterioration of 
the surface roughness or the roundness, which brings about the 
possibility of arising an unfavorable problem in its 
production. 

In this embodiment, by the use of ceramic balls as the 
rolling elements, adhesion can be further restrained and 
fretting damage tends to be reduced. It is therefore preferred 
that the ceramic balls are used as the rolling elements, if 
permissible in cost. 
Fourth Embodiment 

The present inventors have conducted intensive 
investigation to develop the high-functional inexpensive 
rolling bearing for information instruments by improving 
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material composition. A fourth embodiment of the rolling 
bearing according to the present invention attaining the above- 
mentioned objects has a plurality of rolling members each 
comprising an outer race, an inner race or a shaft element, and 
a plurality of rolling elements disposed between the outer race 
and the inner race or the shaft element, wherein at least one 
of the rolling members is formed of a martensitic stainless 
steel excellent in silence and resistance to corrosion which 
contains 0.30% to 0.45% by weight of C, 10.5% to 13.5% by 
weight of Cr, 0.1% to 0.8% by weight of Mn, 0.1% to 1.0% by 
weight of Si, 0.05% to 0.19% by weight of N, and Fe and 
inevitable components as the balance, wherein C + N is 0.5% by 
weight or more (steel III of the invention). 

Preferred examples of the rolling bearings of this 
embodiment include one formed of a material containing a 
carbide having a particle size of 2.0 nm or less and an area 
fraction of 5% or less to ensure the silence and the resistance 
to corrosion. 

More preferred examples of the rolling bearings of this 
embodiment include a rolling bearing in which the content of O 
is 20 ppm or less, or the total content of Ti + 0.1A1 is 50 ppm 
or less, and particularly preferred examples thereof include a 
rolling bearing in which the content of S is 100 ppm or less. 
Fifth Embodiment 

The present inventors have conducted intensive 
investigation for further improvement to develop the material 
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for rolling bearings which is excellent in functions such as 
acoustic performance and inexpensive. Further, taking into 
account the fact that the resistance to corrosion is ensured 

— / 

with grease enclosed into the bearings , the present inventors 
have studied to constitute the races by the above-mentioned 
steel III of the invention, and the rolling elements by balls 
made of inexpensive high carbon bearing steels. The studies 
have revealed that the use of high-accuracy high carbon bearing 
steel balls as the rolling elements gradually lowers the 
surface accuracy of the balls during rotational use thereof to 
deteriorate the acoustic performance, resulting failure to 
obtain sufficient durability, because of presence of hard and 
coarse M 7 C 3 type or M^Cs type carbide particles, if the races 
are formed of the conventional 13Cr martensitic stainless 
steels. In contrast, the use of the steel V of the invention 
in the races restrains a reduction in the accuracy of the races 
to provide very good durability compared with the conventional 
steels, since the carbide and the nitride contained therein are 
very fine, and nitrogen enhances a friction decreasing effect 
of a passive state membrane. 

A fifth embodiment of the rolling bearing according to 
the present invention attaining the above-mentioned objects is 
a rolling bearing excellent in acoustic performance having a 
plurality of rolling members each comprising an outer race, an 
inner race or a shaft element, and a plurality of rolling 
elements disposed between the outer race and the inner race or 
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the shaft element/ wherein at least one of the rolling members 
except the rolling elements is formed of a martensitic 
stainless steel excellent in silence and resistance to 
corrosion which contains 0.30% to 0-45* by weight of C f 10. S% 
to 13.5% by weight of Cr, 0.1% to 0.8% by weight of Mn, 0*1% to 
1.0% by weight of Si, 0.05% to 0.19% by weight of N, and Fe and 
inevitable components as the balance f wherein C '+ M it 0.5% by 
weight or more (Steel III of the invention) , and the rolling 
elements are formed of the specific high carbon steel of the 
above (4 ) . 

Preferred examples of the rolling bearings of this 
embodiment include one formed of a material containing a 
carbide having a particle size of 2.0 Mm or less and an area 
fraction of 5% or less to ensure the silence and the resistance 
to corrosion. 

More preferred examples of the rolling bearings of this 
embodiment include a rolling bearing in which the stainless 
steel used in at least one of the outer race and the inner race 
or the shaft and the high carbon bearing steel used in the 
rolling elements contain 20 ppm or less of O, or 50 ppm or less 
of Ti + 0.1A1. 

Case of Linear Quite Bearing &bb&£i£se&i — and Bill Scrw 

Apparatuses [ Sixth Embodiment \ 

The present inventors have discovered that a reduction 
in carbon content and addition of nitrogen instead thereof 
allows a coarse hard eutectic carbide to disappear to form a 
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fine spherical carbide-nitride, that the restriction of the 
content of Si, Mn, Cr, Mc and V within a certain threshold 
O range can inhibit an increase in hardness after annealing, 

reduce resistance to deformation draetically, greatly improve 
the cold workability to provide a high- functional inexpensive 
stainless steel bearing, and make, it possible to use it in 
parta having deformed cross sectional form, such a. slidere and 
guides of linear guide devices, that the depth of the hardened 
layer can be easily obtained by induction hardening for a short 
period of time because the carbide and the nitride are fine and 
homogeneous, and variations in heat-treated quality can be 
reduced, and that the resistance to corrosion and the fatigue 
strength better than those of the conventional steels such as 
SUS 440C and 13Cr high carbon martens itic stainless steels can 
be obtained, whichever the hardening method may be, vacuum 
hardening or induction hardening. 

The linear guide bearing apparatus attaining the above- 
mentioned objecte has a plurality of rolling members each 
comprising a guide rail, a slider and a plurality of rolling 
elements, or the ball screw apparatus attaining the above- 
mentioned objects has a plurality of rolling members each 
comprising a screw shaft, a nut and a plurality of rolling 
elements, wherein at least one of the rolling elements is 
formed of the above-mentioned stainless steel (I). In 
particular, C + H is preferably 0.7% by weight or less in the 
above-mentioned stainless steel (I). 
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In the linear guide bearing apparatus comprising the 
guide rail, the slider and the plurality of rolling elements, 
or the ball screw apparatus comprising the screw shaft, the nut 
and the plurality of rolling elements, at least one of the 
constituent parts having deformed cross sectional form such as 
the rail and the slider is formed of a mixed structure of the 
fine carbide or nitride and ferrite after tempering, and 
further, the hardened layer is formed only as the surface layer 
or the rolling parts by induction hardening after cold deformed 
drawing to a form near to the desired form of a finished 
article. The surface layer as used herein means within 2% of 
the diameter of the rolling element. 

According to this embodiment, with respect to the 
stainless steel which i« a constituent material thereof, 
carbon, which adversely affects the resistance to corrosion and 
forms a coarse eutectic carbide to deteriorate the functions, 
when its content is large, is partly substituted by nitrogen 
having solid solution strengthening action at a level similar 
to that of carbon to restrict the carbon concentration within 
a definite range, thereby inhibiting formation of the coarse 
eutectic carbide. Thus, the stainless steel excellent in 
resistance to corrosion and rolling fatigue can be obtained, 
and the workability and the heat treatment productivity are 
improved by optimizing the content of other alloy components. 
As a result, the high- functional linear bearing apparatus can 
be produced at low cost. 
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Further, this embodiment is remarkably more excellent 
in ' cold workability, and in rolling fatigue strength 
characteristics and resistance to corrosion *ft*r heat 
trsatment then the conventional steels, so that it can be 
easily applied to pipes, coils and bar steel, for bearing, 
which are cold-worked, regardless of deformed drawing. 

Furthermore, the rolling apparatus of thi. embodiment 
ie excellent in resistance to fretting, and can be suitably 
ussd in devices accompanied by repeated reciprocating motion at 
short stroke such as ball screw, and linear guide, for table 
apparatuses. 

preferably, the rolling elements are formed of high 
carbon Cr martensitic stainless steels, a. embodiment 1 
according to the rolling bearing described above. For example, 
the rail slider and the rail may be formed of the steel I of 
the invention and the rolling elements may be formed of the 
high Cr martensitic stainless steel, for the linear guide, and 
the nut and the .crew shaft may be formed of the steel I of the 
invention and the rolling elements may be formed of the high Cr 
martensitic stainless steel, for the ball screw apparatus. 
r pcc of n n e f . mad .mH e r fievorft nonrtUiq™ Sac* ft« rnrronlvfl 
Canadians is s swm ta sailing Bantera including Roll i ng 
Baitings L U aa aa: Guide Bearing, bssua&sa* »nd Pal l Scren 

ft p p arati i»»»B^ SeyfUltfr. Embodiment 

As described above, in Japanese Patent Application Ho. 
7-271111, the present inventors have found out the relationship 
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between the concentrations of C and Cr which forms no coarse 
carbide, further have attained low cost by addition of nitrogen 
within a range keeping the soundness of the materials, and have 
further enhanced the functions of the conventional stainless 
steels. In order to further enhance the functions, the present 
inventors have conducted intensive investigation. As a result, 
the present inventors have discovered a material structure 
having very excellent resistance to corrosion without formation 
of a coarse eutectic carbide and 6-ferrite which are harmful to 
the rolling fatigue strength. 

The rolling bearing or the rolling apparatus attaining 
the above-mentioned objects comprises an outer member, an inner 
member and a plurality of rolling elements disposed 
therebetween, wherein at least one of the outer member, the 
inner member and the rolling elements is formed of a 
martensitic stainless steel containing 0.45% by weight or less 
of C, 15% to 20% by weight of Cr, 0.1% to 0.8% by weight of Mn, 
0.1% to 1.0% by weight of Si, 0.05% to less than 0.2V by weight 
of N, 0.5% to 3.0% by weight of Mo, 1.5% by weight or less of 
Ni, 2.0% -iy) weight or less of Cu, and Fe and inevitable 
components~as the balance, wherein the relationship between the 
content of C and that of Cr satisfies C% < -0.05Cr% + 1.41; the 
relationship between a specific relational equation eql 
indicating the content of elements accelerating the conversion 
of the raw material to ferrite, taken as (eql) = Cr% + Si% + 
1.5Mo%, and a specific relational equation eq2 indicating the 



content of elements accelerating the conversion of the raw 
material to austenite, taken as (eg2) = C% + 0.83N% + 0.12Mn% 
+ 0.05Ni% + 0.02Cu%, satisfies (eq2) > 0.04 x (eql) - 0-39; the 
total content of C and N satisfies C + N > 0.4% (steel I of the 
invention); and the pitting index PI value satisfies PI = Cr% 
+ 3.3Mo% +30N% - 45C% > 10.0 (steel IV of the invention). 
Ki ghth Embodiment 

As described above, the present inventors have further 
enhanced the functions of the conventional stainless steels at 
low cost in Japanese Patent Application No. 7-271111 , and have 
further conducted investigation to improve the resistance to 
corrosion and high-temperature life. As a result , the present 
inventors have developed the rolling bearing having high core 
toughness/ having both the resistance to corrosion and the 
high- temperature life r and suitably usable for aircraft, 
particularly for jet engines and gas turbines used under 
conditions of high temperature and high speed as described in 
jp-A-9-287058. 

In this invention , however , it is also necessary to 
nitride the material before hardening after cutting to a form 
near to the desired form of a finished article, which causes an 
increase in cost as compared with a material of through 
hardening. Further, in precision products such as ball screws, 
round bars are sometimes grooved by a technique called solid 
grinding after hardening. In this case, grinding allowance is 
very largely taken under rolling surfaces, so that the surface 
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hardening type is difficult to be obtained. Accordingly, the 
development of inexpensive through hardening type stainless 
3 steels for bearings excellent in resistance to corrosion and 

high-temperature life has been desired. 

Then, the present inventors have conducted intensive 
investigation to further enhance the functions, and invented 
the stainless steel for bearings having very excellent 
resistance to corrosion and high-temperature life without 
formation of a coarse eutectic carbide and 6-ferrite which are 
harmful to the rolling fatigue strength. 

The rolling bearing or the rolling apparatus attaining 
the above-mentioned objects comprises an outer member, an inner 
member and a plurality of rolling elements disposed 
therebetween, the rolling elements rolling in contact with a 
first contact surface of the outer member and a second contact 
surface of the inner member facing thereto, wherein at least 
one of the outer member, the inner member and the rolling 
elements is formed of a martensitic stainless steel containing 
0.45% by weight or less of C, 15% to 20% by weight of Cr, 0.1% 
to 0.8% by weight of Mn, 0.1% to 1.0% by weight of Si, 0.05% to 
less than 0.2% by weight of N, 0.5% to 3.0% by weight of Mo, 
1.5% by weight or less of Ni, 2.0% by weight or less of Cu, 
1.0% to 7.0% by weight of Co, 1.0% by weight or less of V, and 
Fe and inevitable components as the balance, wherein Mo + V is 
0.8% to 4.0% by weight; Co + Ni is 2.0% to 8.0% by weight; the 
relationship between the content of C and that of Cr satisfies 
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C% ^ -0.05Cr% + 1-41; the relationship between a specific 
relational equation eql indicating the content of elements 
accelerating the conversion of the raw material to ferrite, 
taken as (eql) = Cr% + Si% + 1.5Mo% + 3.5V%, and a specific 
relational equation eq2 indicating the content of elements 
accelerating the conversion of the raw material to austenite, 
taken as (eq2) = C% + 0.83N% + 0.12Mn% + 0.05 (Ni + Co) + 
0.02Cu%, satisfies (eq2) > 0.04 x (eql) - 0.39 and (eq2) < 0.8; 
the total content of C and N satisfies C + N > 0.4%; and the 
pitting index PI value satisfies PI - Cr% + 3.3Mo% +30N% - 45C% 
> 10.0 (steel V of the invention). 

Description of Functions and Content of Respective Element 

When Steel I of the Invention (Martensitic Stainless 

Steel) Is Used (First and Sixth Embodiments) 

The critical meanings of the respective components of 

the steel I of the invention are as follows: 

C is an element enhancing the hardness after hardening 
and tempering by conversion of a substrate to martens ite to 
increase the strength, and the less amount thereof is better in 
terms of the resistance to corrosion. If a large amount of C 
is added, Cr forms coarse eutectic carbides in s-teel 
production. As a result, the insufficient Cr concentration in 
the substrate not only results in failure to obtain the 
sufficient resistance to corrosion, but also deteriorates the 
fatigue strength, the toughness and the workability. 
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Accordingly, the carbon content is adjusted to 0.6% by weight 
or less. However, from the viewpoints of the resistance to 
Q corrosion and the workability, the carbon content is preferably 

adjusted to 0.5% by weight or less, and more preferably to 
0.45% by weight or less. 
£r 

Cr is an element most necessary for giving the 
resistance to corrosion to the steel. However, less than 10.0% 
by weight results in failure to obtain the sufficient 
resistance to corrosion. An increase in Cr content improves 
the resistance to corrosion, but addition of Cr in excess is 
liable to form S-ferrite or an eutectic carbide, resulting in 
deterioration of the toughness or the fatigue strength and the 
workability. The Cr content is therefore 14% by weight or 
less, and preferably from 11.5% to 13.5% by weight. 
Mn 

Mn is an element necessary as a deoxidizer in steel 
production, and added in an amount of 0.1% by weight or more. 
However, addition of a large amount of Mn deteriorates not only 
the cold workability and the machinability, but also the 
resistance to corrosion by coexistence together with impurities 
such as S and P. m some cases, the amount of residual 
austenite is increased to result in failure to obtain the 
sufficient hardening hardness. The Mn amount is therefore 
adjusted to 0.8% by weight or less, and preferably to 0.5% by 
weight or less. 
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Si 

Si is required to be contained in an amount of 0.1% by 
weight or more as a deoxidizer in steel production. Further, 
Si is an element effective for enhancing the resisting property 
for temper softening and improving the rolling fatigue 
strength, but addition of a large amount thereof deteriorates 
the toughness and the cold workability, and enhances formation 
of S-ferrite- The Si content is therefore adjusted to 1.0% by 
weight or less. 
Mo 

Mo has the function of extremely increasing the 
hardenability and the resisting property for temper softening, 
and also effectively acts on the resistance to corrosion. 
However, addition of excessive Mo increases not only the 
toughness, but also the hardness after annealing. As a result, 
the cold workability and the machinability are deteriorated to 
cause an increase not only in material cost, but also in 
production cost of the bearing. The Mo content is therefore 
adjusted to 0.5% by weight or less. 
V 

V is a strong element for producing a carbide and a 
nitride, significantly enhances the strength, and tends to 
effectively act on the resistance to corrosion. However, 
addition of a large amount of V increases not only the 
toughness, but also the hardness after annealing. As a result, 
the cold workability and the machinability are deteriorated to 
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cause an increase not only in material cost, but also in 
production cost of the bearing. The V content is therefore 



f~\ adjusted to 0.2% by weight or less 



N 

N has the function of strengthening martens ite to 
improve the resistance to corrosion and the wear resistance, 
similarly to C, and also has the function of inhibiting 
formation of coarse eutectic carbides. Accordingly, N is 
preferably added in an amount of 0.05% by weight or more. 

in general, the solubility of K in molten steel and 
pro-eutectic ferrite is low in the course of steel production 
under usual atmospheric conditions, so that it is very 
difficult to add 0.2% by weight or more of nitrogen in the 
components of the steel of the invention. Further, addition of 
a large amount of nitrogen induces the development of bubbles 
in the course of solidification to introduce a large number of 
pores into an ingot, resulting in damage of the soundness of 
the material. 

Steel production under a high pressure nitrogen 
atmosphere makes it possible to add 0.2% by weight or more of 
nitrogen. In this case, however, the huge cost of equipment 
becomes necessary, resulting in increased cost. 

For the above-mentioned reason, the content of nitrogen 
is adjusted to 0.2% by weight or less. Nitrogen is also an 
element for stabilizing austenite, and the amount of residual 
austenite is sometimes increased to reduce the hardness after 
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hardening, (particularly in overheating in induction hardening 
on the linear guide bearing). Accordingly, the nitrogen 
3 content i. preferably adjusted to 0 . 18% by weight or lea. , and 

more preferably to 0.14% by weight or lees. 

r. + k 

in order to obtain a surface hardnea. of 58 or more in 
HKC and sufficient wear resietance after hardening and 
sparing, C * W is required to be 0.45% by weight or more. If 
the total content of carbon and nitrogen is too much, the cold 
workability is deteriorated (particularly, in the case of the 
linear guide bearing, the hardness after tempering is increased 
or work-hardened,. Accordingly, C + N is preferably adjueted 
to 0.7% by weight or lees. 

flrlnt1"" al Equation* 

in the preaent invention, taken as (eql) - Cr% + Si% + 

l.SH0% + 3.5V% and (.,3) = C% * 0.83N% + 0.12Hn%, the mutual 
relationship between both the equation, satisfies <»«2) * 0.04 
x (eql) - 0.39, («ql) * 14.0 and (eq2) S 0.8. 

The respective element, of C, N and Mn are elements for 
stabilising austenite. On the other hand, the respective 
element, of Cr, Si Mo and V are elements for stabilizing 
f errite . 

When the above-mentioned equation (eq2) t 0.04 x (eql) 
- 0.39 is not satisfied, 6-f errite harmful to the toughness is 
formed in some cases. Further, when (eql) * 14.0 and (eq2) S 
0.8 are not satisfied, the hardness after annealing is 
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increased, resulting in failure to obtain good workability, and 
stabilization of residual austenite reduces the hardness to 
fail to attain a long life. The equation is preferably eq2 < 
0.7 . 

If the upper limit of the carbon concentration is not 
limited by C% < -0.05Cr% + 1.41, a coarse eutectic carbide is 
produced to deteriorate the acoustic characteristics, the 
fatigue strength and the toughness. Even if C% < -0.05Cr% + 
1.41, the eutectic carbide is often coarsened to about 5 um to 
about 20 um or more by the influence of solidification velocity 
in steel production. However, the stainless steel used in the 
rolling bearing of the present invention contains nitrogen 
having the function of inhibiting coarsening of the eutectic 
carbide, so that formation of the coarse eutectic carbide can 
be inhibited as long as C% < -0.05Cr% + 1.41 is satisfied. 

For the above-mentioned reason, the steel I of the 
invention has a mixed structure of fine carbide, nitride and 
ferrite particles having a size of 10 um or less after 
annealing, and the content of C + N and other alloy components 
are optimized. Accordingly, this steel can be more reduced in 
material hardness and work hardenability than SUS 44 0C and 13Cr 
martensitic stainless steels, the conventional steels, so that 
it is excellent particularly in cold workability, particularly 
in the case of the linear guide or ball screw apparatus. The 
sufficient hardened layer can therefore be easily obtained by 
induction hardening, and variations in heat treatment quality 
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can also be depressed, resulting in the improvement of 
reliability of the apparatus. 

Although the inner race, the outer race and the rolling 
elements may be formed of the steel I of the invention 
described above, a further preferred effect is obtained by 
using the high carbon Cr martensitic stainless steel in the 
rolling elements as described below. 

Use of Hioh Carbon Cr Martensitic Stainless Steel in Rolling 
Elements 

A bearing formed of a conventional high carbon Cr 
martensitic stainless steel as a single material is inferior to 
a bearing made of a bearing steel in accuracy, and causes the 
mutual interference of carbide particles at their contact 
surfaces in rotational operation, resulting in failure to 
obtain sufficient acoustic performance and fatigue strength. 

Further, such a stainless steel is poor in mechanical 
strength and workability, so that it is unsuitable particularly 
for application to the inner race and the outer race. The 
steel I of the invention has the fine carbide and is sufficient 
in mechanical strength and workability, so that it is suitable 
particularly for application to the inner race and the outer 
race. Accordingly, when a bearing is constituted, using the 
steel I of the invention as a material on the race side and the 
high carbon Cr martensitic stainless steel as a material on the 
rolling element side, the mutual interference of coarse carbide 
particles can be inhibited to provide a ball bearing improved 



in acoustic performance and fatigue strength, and sufficient in 
mechanical strength . 

Further, the high carbon Cr martensitic stainless 
steels contain hard carbides such as M 7 C 3 and M^Cg in large 
amounts, and have good wear resistance, because these carbides 
have non-metallic properties, the area of metal-metal contact 
is relatively decreased, and passive state membranes formed on 
surfaces of the stainless steels have a wear reducing effect. 
They also have the function of significantly inhibiting the 
damage and wear of the opposite members. In order to obtain a 
preferred effect, the area fraction of the carbides is 
preferably 3% or more. When the amount of the carbides is too 
much, the crushing strength of the rolling elements is 
significantly reduced to cause the possibility of breakage. 
Accordingly, the upper limit thereof is 20% or less. 

For the above-mentioned reason,, when the bearing is 
constituted, using the steel I of the invention in the opposite 
members and the high carbon Cr martensitic stainless steel in 
the rolling elements, a more preferred effect is obtained. 
When Steel III of the Invention Is U sed ^Fourth and Fifth 
Embodiments 

The functions of the alloy components, the reasons for 
restricting the ranges of the components and other critical 
meanings of the steel III of the invention are as follows: 
(C) 

The reason for restricting the range of the C content 



is the same as with the steel I of the invention, and 
particularly, for obtaining the hardness and a fine carbide 
required as bearings for various spindles, various spindle 
motors and HDD drives, the carbon content is from 0.30% to 
0-45% by weight, and preferably from 0.40% to 0.45% by weight. 
(Cr) 

The reason for restricting the range of the Cr content 
is also the same as with the steel I of the invention, and the 
content thereof is preferably from 10.5% to 13,5% by weight, 
and more preferably from 12.0% to 13.5% by weight. 
(Mn and Si) 

The reason is the same as with the steel I of the 
invention. 
(N) 

The reason for restricting the content is the same as 
with the steel I of the invention, and the nitrogen content is 
adjusted to 0.19% by weight or less. Further, nitrogen is an 
element for stabilizing austenite, so that the amount of 
residual austenite is increased to deteriorate the impact 
resistance in some cases. The nitrogen content is therefore 
adjusted to preferably 0.16% by weight or less, and more 
preferably 0.14% by weight or less. 
(C + N) 

C and N are elements which are dissolved in martensite 
or form a carbide or a nitride to obtain the hardness and the 
resistance to fretting necessary for the bearing, and a total 
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amount of 0.5% by weight or more is required. 

(O and Ti + 0. 1A1) 

The above-mentioned coarse eutectic carbide and a hard 
non-metallic inclusion adversely affect the acoustic 
performance of the rolling bearing. O (oxygen) contained in 
the steel combines with Al or the like, an inevitable 
component, to form an alumina inclusion, which remains in many 
cases. The alumina inclusion is relatively easily coarsened, 
so that it sometimes adversely affects the acoustic 
performance. Accordingly, oxygen is restricted to 2 0 ppm or 
less, preferably to 10 ppm or less. Further, Al or Ti combines 
with N, and remains as very hard A1N or TiN, which adversely 
-affects - the -acoustic -performance, — similarly to the alumina 
inclusion. Accordingly, Ti + 0 . 1A1 is restricted to 50 ppm or 
less as the total amount. 
(S) 

S is an element harmful to the resistance to corrosion, 
so that it is preferred that its content is as small as 
possible. In order to exhibit the effect sufficiently, the S 
content is preferably adjusted to 100 ppm or less. However, 
the stainless steel is inferior to SUJ2 in machinability , and 
a reduction in S content not only deteriorates the 
machinability, but also increases material cost by excessive 
purification. Accordingly, the excessive purification is not 
conducted . 
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gasfcjde Contained -Has * Particle Size of 2.0 um or Less and an 
k-t-pa Fraction of 5 % or Less 
. In order to obtain good acoustic performance, the 

particle size of the carbide contained is adjusted to 2 . 0 um or 
less, and the area fraction thereof to 5% or less. 
Bl „n the Abnve-Mention^rt Speci fy High Carbon Steel Is Used 

The critical meanings of the respective elements of the 
specific high carbon steel of the above (4) used in the second 
and fifth embodiments are as follows:- 
(C) 

Carbon is an element effective for obtaining the 
hardness necessary for the bearing. When the resistance to 

corrosion-is-not required- consider ing-that -the heat-treatment 

mainly comprising hardening and tempering low in cost is 
employed, addition of 0.8% or more of carbon is effective for 
obtaining the long life and the wear resistance. However, 
exceeding 1.5% by weight results in the development of a coarse 
carbide, which necessitates long-term soaking and deteriorates 
the workability to cause an increase in cost conversely. For 
the above-mentioned reason, the carbon content of the material 
is adjusted to 0.8% to 1.5% by weight. From the viewpoint of 
the workability, it is adjusted to 0.9% by weight or less for 
decreasing material cost. 
(Cr) 

Cr has the functions of enhancing the hardenability and 
the resisting property for temper softening, forming a carbide 
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to inhibit coarsening of crystal grains in heat treatment, and 
giving the wear resistance. However, exceeding 2.0% by weight 
results in necessity of long-term soaking or deterioration of 
the workability to cause an increase in material cost, as well 
as in Cr addition cost. For the above-mentioned reason, the 
amount of Cr contained in the material is adjusted to 0.1% to 
2.0% by weight. From the viewpoint of the workability, it is 
further preferably adjusted to 0.6% by weight or less for 
reducing material cost. 
(Mn) 

Mn is an element necessary as a deoxidizer in steel 
production, and added in an amount of 0.1% by weight or more. 
However , —addition -of- a large amount thereof ---not only 
deteriorates the machinability , but also occasionally increases 
the amount of residual austenite, resulting in failure to 
obtain the sufficient hardening hardness. Accordingly, the Mn 
content is adjusted to 0.1% (particularly, 0.5% by weight when 
the amount of Cr is adjusted to 0.6% by weight or less) to 1.5% 
by weight, and preferably to 1.1% by weight or less. 
(Si) 

Si is required to be contained in an amount of 0.1% by 
weight or more as a deoxidizer in steel production, similarly 
to Mn. Further, Si is an element effective for enhancing the 
resisting property for temper softening and improving the 
rolling fatigue strength, but addition of a large amount 
thereof deteriorates the machinability. The Si content is 
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therefore adjusted to 1.0% by weight or less. From the 
viewpoint of the workability, it is preferably adjusted to 0.7% 
by weight or less for reducing material cost. 

Then, the reason why the opposite member combined with 
the above-mentioned rolling element formed of the above- 
mentioned specific high carbon steel is formed of the high 
carbon Cr martensitic stainless steel in the second embodiment 
is as follows: 

(High Cr Martensitic Stainless Steel) 

When the high carbon steel and the high Cr martensitic 
stainless steel are each evaluated in resistance to fretting as 
a single material, the stainless steel is extremely better than 
the- -high- carbon- st-eel-. — however, -the— fret-ting-damage of the 
high carbon steel is inhibited and significantly improved by a 
combination thereof. 

In contrast, the stainless steel tends to suffer from 
fretting damage rather than when evaluated as the single 
material. The use of the stainless steel which is hard of 
working in the race results in not only a little cost reduction 
effect, but also failure to sufficiently exhibit the inherent 
characteristics of the stainless steel. 

A problem encountered in the rolling bearing for HDD 
swing arms is the fretting damage of the race. It is therefore 
preferred that the low cost high carbon steel is used in the 
race and the stainless steel in the rolling elements for 
exhibiting sufficient effects with respect to cost and 
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functions. The stainless steel is inferior to the high carbon 
steel in workability, but can be mostly formed to the rolling 
elements (balls) by forging, compared with the relatively 
manpower-consuming race. Accordingly, the use of the stainless 
steel does not become a problem so much. 

Further, the use of the high carbon steel in the race 
as described above improves the roughness accuracy, eliminates 
the mutual interference of carbide particles at their contact 
surfaces, and improves the acoustic performance. Furthermore, 
the high carbon steel such as the bearing steel is somewhat 
higher in hardness than the stainless steel, so that the 
internal friction can be reduced, and the use of the stainless 
-Tteei 'in -the -rolling-elements decreases-the -specific-gravity of 
the rolling elements. Accordingly, the track-rotational torque 
tends to be a little decreased. This can be therefore suitably 
used, not necessarily in bearings for various spindles, various 
spindle motors and swing arms for HDD drives . 
(N) 

N is preferably added in an amount of 0.05% to 0.2% by 
weight. In addition to the reason of the first object, 
particularly when the race or the shaft which is the opposite 
member is formed of the above-mentioned carbon steel, nitrogen 
is alloyed in the stainless steel, whereby a transferred 
membrane is liable to be formed on the surface of the carbon 
steel, the opposite member in contact therewith, which achieves 
a profound effect on a reduction in fretting damage. For the 
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above-mentioned reason, N is added in an amount of 0.05% by 
weight or more . 

whpp steel TV of thP Tnvent irm Ts Used (Seventh Embodiment) 

The critical meanings of the content of the respective 
elements of the steel IV of the invention are as follows: 
(C) 

C is an element enhancing the hardness after hardening 
and tempering by conversion of a substrate to martensite to 
increase the strength, and the less amount thereof is better in 
terms of the resistance to corrosion. If a large amount of C 
is added, C forms coarse eutectic carbides with carbide- forming 
elements such as Cr and Mo in steel production to significantly 
deteriorate — the resistance- to— corrosion.- *md the fatigue 
strength. Accordingly, the carbon content is adjusted to 0.45% 
by weight or less. Further, from the viewpoint of the 
resistance to corrosion, the carbon content is preferably 
adjusted to 0.4% by weight or less. 
(Cr) 

Cr is an element most necessary for giving the 
resistance to corrosion to the steel, and when the resistance 
to corrosion is particularly regarded as important, 15.0% by 
weight or more of Cr is necessary for remarkably exhibiting its 
effect. Further, addition of Cr in excess forms S-ferrite 
which causes embrittlement and coarsens the carbide depending 
on the carbon content, which rather causes deterioration of the 
resistance to corrosion in some cases. Accordingly, the upper 



- 55 - 



limit of the Cr content is 20% by weight, and the Cr content is 

preferably adjusted to 17% to 19% by weight. 

(Mn) 

Mn is an element necessary as a deoxidizer in steel 
production, and added in an amount of 0.1% by weight or more. 
However, addition of a large amount thereof occasionally 
results in the tendency to form residual austenite, thus 
failing to obtain the sufficient hardening hardness. 
Accordingly, the upper limit of the Mn content is adjusted to 
0.8% by weight, and the Mn content is preferably adjusted to 
0.5% by weight or less. 
(Si) 

- -The reason— i-s- the -same -as -with the—steel I of the 

invention. 
(N) 

N has the function of strengthening martensite to 
enhance the hardening hardness and further to improve the 
resistance to corrosion, similarly to C, and also has the 
function of inhibiting formation of primary coarse eutectic 
carbides. Accordingly, N is preferably added in an amount of 
0.05% by weight or more, preferably 0.08% by weight or more. 
However, addition of a large amount of nitrogen induces the 
development of bubbles because the solubility of pro-eutectic 
ferrite crystallized in the course of solidification is low in 
usual dissolution. As a result, a large number of pores are 
introduced into an ingot, resulting in damage of the soundness 
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of the material. It is also possible to add a large amount of 
nitrogen by the steel production method under a high pressure 
nitrogen atmosphere or the surface immersion method without 
damage of the soundness of the material. In this case, 
however, material cost or heat treatment cost rises. From the 
above, usual dissolution is preferably employed in terms of 
cost, and the nitrogen content is adjusted to 0.2% by weight or 
less, and preferably to 0.18% by weight or less. 
(Mo) 

Mo has the function of extremely increasing the 
hardenability and the resisting property for temper softening, 
and also has the function of improving the resistance to 
- — — "pi-ttxng . — Accordingly?— Mo -is -^tided— iir-^n-- -amount:— of —0 . 5 % by 
weight or more. However, addition thereof in excess 
deteriorates the toughness and the workability. The upper 
limit is therefore 3.0% by weight. 
(Ni) 

Ni is a strong element for stabilizing austenite, and 
has the functions of inhibiting formation of 6-ferrite, 
improving the toughness, and further improving the resistance 
to corrosion, so that it is selectively added preferably in an 
amount of 0.1% by weight or more. However, addition thereof in 
excess causes formation of a large amount of residual 
austenite, resulting in failure to obtain sufficient hardening 
hardness in some cases. The upper limit is therefore 1.5% by 
weight. 
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(Cu) 

Cu is also an element for stabilizing austenite, 
Q similarly to Ni, and has the functions of inhibiting formation 

of S-ferrite and improving the resistance to corrosion. It is 
therefore added preferably in an amount of 0.1% by weight or 
more. However, addition of a large amount thereof occasionally 
causes the development of hot cracks in the hot forging step 
necessary in the course of bearing production, and results in 
failure to obtain sufficient hardening hardness. The upper 
limit is therefore 2.0% by weight. 
(Inevitable Components) 

Usually, the steel contains impurities such as P, S and 
0, in -addition to the-ai>ove -mentioned -elements . In the present 
invention, the excessive purification is not conducted in 
respect to cost. In particular, S and P are segregated, or 
deteriorate the resistance to corrosion when they are contained 
in large amounts. Accordingly, it is preferred that they are 
contained as impurities in the steel in as small amounts as 
possible. The content thereof is therefore preferably 0.03% or 
less. Further, O forms an oxide inclusion to deteriorate the 
fatigue strength, so that it is preferred that it is contained 
as an impurity in the steel in as small an amount as possible. 
The content thereof is therefore preferably 50 ppm or less. 
(C% < -0.05Cr% +1.41) 

When the above equation is not satisfied, coarse 
eutectic carbides are formed to cause not only deterioration of 
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the rolling fatigue strength, but also significant 
deterioration of the resistance to corrosion. 

((eq2) > 0.04 x (eql) - 0.39, (eql) = Cr% + Si% + 1.5140%, and 
(eq2) = C% + 0.83N% + 0.12Mn% + 0 . 05Ni% + 0.02Cu%) 

Elements described in eql, namely Cr, Si and Mo, are 
each elements for stabilizing ferrite, and elements described 
in eq2, namely C, N, Mn, Ni and Cu, are each elements for 
stabilizing austenite. Accordingly, in a component system not 
satisfying the above-mentioned inequalities, ferrite is 
stabilized to produce 6-ferrite harmful to the toughness in 
some cases . 
(C + U > 0.4%) 

G_^-N— is. requi-r^d-fce-be -^^inijnum-*<)f--0-.--4-%- by-weight for 

obtaining the hardness necessary for the bearing by martens ite 
strengthening and precipitation hardening, and preferably to be 
0.45% by weight or more. 

(Pitting Index PI Value = Cr% + 3.3Mo% +30N% - 45C% > 10.0) 

In general, the resistance to corrosion of a stainless 
steel is evaluated by the salt water spray test or the pitting 
potential measurement in many cases. The salt water spray test 
is the simplest evaluation method, but a method unsuitable for 
quantifying to what extent there is a difference in resistance 
to corrosion. When the resistance to corrosion is desired to 
be quantitatively evaluated, pitting potential Vc ' is measured 
by the polarization measurement for comparison evaluation in 
many cases. The larger pitting potential indicates the better 

- 59 - 



resistance to corrosion, and further, in an austenitic 
stainless steel, the pitting potential is said to correlate 
with a relational equation, pitting index PI = aCr% + bMo% 
+cN% . That is to say, this equation shows that the larger 
content of Cr, Mo and N gives the better resistance to 
corrosion, and the concept of the pitting index is often used 
in component design of an austenitic or ferritic stainless 
steel. However, this conventional pitting index can be applied 
only to an austenitic or ferritic stainless steel containing no 
substantial carbon, but can not be applied to a martensitic 
stainless steel containing carbon. Then, the present 

inventions have conducted intensive investigation to examine 
the- -influence— of carbon— on -the res i-s-t-ance to corrosion. As a 
result, the present inventors have derived that the pitting 
potential closely correlates with PI = Cr% + 3 . 3Mo% +30N% - 
45C%, as long as C is within the composition range satisfying 
C% < -0.05Cr% + 1.41. 

The present inventors have discovered that in the case 
of not containing coarse eutectic carbides, there is a good 
correlation between the above PI value and pitting potential 
Vc ' (100) representing the resistance to corrosion of the 
steel, and that very high resistance to corrosion is obtained 
by ensuring a PI value of 10 or more. For the above-mentioned 
reason, the above-mentioned PI value is adjusted to 10.0 or 
more in the present invention. 

When Steel V of the Invention Is Used (Eighth 
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Embodiment) 

The critical meanings of the content of the respective 
elements of the steel V of the invention are as follows: (C), 
(Cr), (Mn), (Si), (N) , (Mo), (Ni), (Cu) , (Inevitable 
Components), (Relation between C and Cr) , (C + N) and (PI 
Value) are the same as with the steel IV of the invention. 
(Co) 

Co is also an element for stabilizing austenite, 
similarly to Ni, and has the functions of inhibiting formation 
of S-ferrite and improving the resisting property for temper 
softening and the high-temperature hardness by solid solution 
strengthening of the substrate and coagulation inhibition of 
-the- carbides . - It-- is -therefore ^dded— i^-ajv-araou^t-HDf- 1 . 0% by 
weight or more. However, addition of a large amount thereof 
deteriorates the workability, and significantly increases 
material cost. The upper limit is therefore adjusted to 7.0% 
by weight. 
(V) 

V is a strong element for producing a carbide and a 
nitride, and finely precipitates in the steel to contribute to 
solid solution strengthening. In particular, when tempered at 
high temperatures, it has the function of acting on secondary 
hardening to enhance the ordinary-temperature hardness. It is 
therefore selectively added in an amount of up to 1.0% by 
weight. However, addition thereof in large amounts exceeding 
1.0% by weight causes coarsening of the carbides in the course 
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of solidification, or significantly deteriorates the 
workability such as the machinability . 

((eq2) > 0.04 x (eql) - 0.39, (eql) = Cr% + Si% + 1.5Mo% + 
3.5V%, (eq2) = C% + 0.83N% + 0.12Mn% + 0.05 (Ni + Co) + 0.02Cu% 
and ( eq2 ) < 0.8) 

Elements described in eql, namely Cr, Si, Mo and V, are 
each elements for stabilizing ferrite, and elements described 
in eq2, namely C, N, Mn, Ni, Co and Cu, are each elements for 
stabilizing austenite. Accordingly, in a component system not 
satisfying the above-mentioned inequalities, ferrite is 
stabilized to produce 6-ferrite harmful to the toughness in 
some cases. Further, when eq2 is 0.8 or more, austenite is 
— s4=abi4i-2ed-^Hr-esul-t- i-^^ai-lw«-^^bta-i-n--su-f^-icien4^ burdening 
hardness in some cases . 

EXAMPLES 
EXAMPLE I 

This example corresponds to the above-mentioned first 
embodiment . 

Materials to be subjected to tests of the invention 
and steels for comparison were prepared as shown in Table 1. 
The workability was evaluated by the cutting test, the 
drilling test and the grinding test, and results thereof are 
shown in Table 2. These test conditions are shown below. In 
respect to heat treatment conditions , the heating temperature 
was 1020°C to 1070°C, and immediately after hardening in a 
hardening oil at 60°C, subzero treatment was conducted at 
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-80°C for 1 hour, followed by tempering at 160°C to 2 00°C for 
2 hours - 

Cutting Test Conditions 

Cutting System: Dry 
Feed Speed: 0.1 to 0.2 mm/rev 
Cutting Depth: 0.5 to 1.0 mm 
Cutting Tool: P10 (JIS B 4053) 
Cutting Speed: 80 to 100 m/min 

Prilling Test Cpnditjpp? 

Drill Tool: <fr 8 mm, SKH51 
Drilling System: Dry 
Drilling Depth: 10 mm 

-^ttxn*gr*SFnenBri:^r^Tn±ii--(-&4-a xpm) 

Thrust: 7 0 kg 
Qrindipg Test ConditjQng 

Grinder: WA80 (manufactured by Clenoton Co.) 
Grinding Fluid: Soluble type 
Grinder Speed: 1500 to 2700 m/min 
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All the steels of the invention contain no coarse 
eutectic carbides, and as apparent from Table s 1 and 2, they 
are further restricted in alloy components such as C, Si, Mn, 
Cr, Mo and V, and minimized in an increase in hardness after 
annealing. Accordingly, they are good in all the 

machinability, the grindability and further the roughness after 
grinding finish which is low. In contrast, the steels for 
comparison, G, H, I and K, do not satisfy eql < 14.0, so that 
the hardness after annealing is relatively increased, resulting 
in failure to obtain good workability . The steel for 
comparison N not only is 0.6% or more in C%, but also does not 
satisfy (eq2) < 0.7 and C% < -0 . 05Cr% + 1.41. Coarse carbides 
are therefore formed to cause poor workability. The steel for 
comparison 0 was excluded from the evaluation, because 
formation of 6-ferrite was observed. 

In Table 3, results of the life test, the impact test 
and the salt water spray test are shown. 

The salt water spray test was performed using a 5% 
solution of NaCl at 35°C according to JIS Z2371, after complete 
degreasing of an outer race of a bearing, and judged by 
observing an external appearance thereof after a test time of 
50 hours. The degree of rust development was observed, and 
evaluated by the three steps of o, a and x from a better to a 
worse. Results thereof are shown in the table. 

Further, the life test was conducted using a thrust 
type rolling life tester described in Handbook of Special 
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Steels , the first edition, pages 10 to 21 (edited by Denki 
Seiko Kenkyusho, published on May 25, 1969, Rikogakusha) under 
the following conditions, and the cumulative number of repeated 
stress cycles (life) up to the time when flaking was developed 
on each sample was examined to prepare Weibull plots. Then, 
the L10 life of each sample was determined from each Weibull 
distribution. 

Furthermore, the impact test was conducted using a test 
piece of JIS No. 3 (depth: 2 mm, notch: 5RC) at room 
temperature . 
Life Test 

Test Surface Pressure: 5200 Mpa 

Revolution: 3000 C. P.M. 

Lubricant: #68 turbine oil 
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From Table 3, in the steels of examples, good effects 
were obtained in all the impact strength, the resistance to 
corrosion and the fatigue strength, because of fine carbides, 
small amounts thereof and further the influence of addition of 
nitrogen. M and N, the steels for comparison, are inferior to 
the steels of the invention in all, because of somewhat coarse 
carbides, large amounts thereof and no influence of addition of 
nitrogen. 

Further, in the steel for comparison L, the good 
workability was obtained, but the content of C + N was too 
small to obtain sufficient hardness, resulting in failure to 
obtain good rolling life. From the above, it has become clear 
that the steels of the invention are good in workability, and 
sufficient in rolling life and resistance to corrosion, so that 
inexpensive, high- functional bearings can be provided by 
constituting the bearings using these materials. 

Furthermore, the acoustic performance and the 
resistance to fretting, characteristics required for bearings 
for various spindles, various spindle motors and swing arms for 
HDD drives, were evaluated. Results thereof are shown in Table 
4. For the resistance to fretting, the wear depth of an inner 
race was measured by use of a fretting endurance tester shown 
in Fig. 1 under the following conditions to evaluate the 
resistance to fretting. 

With respect to Fig. 1, the reference numeral 10 
indicates a preload spring fixed to a shaft, 12 indicates a 
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rotation stopper of the shaft, 14 indicates the shaft, 16 
indicates a housing, 18a, 18b and 18c indicate sleeves formed 
separately from the shaft, 20 indicates a test bearing, 22 
indicates a coned disc spring pressing the sleeves 18a, 18b and 
18c in the shaft direction, 24 indicates a support bearing, and 
2 6 indicates an AC servomotor. The shaft and an inner race are 
not rotated, and the housing and an outer race are rotatably 
supported. Preload is applied to an inner race 20-2, an outer 
race 20-1 and a rolling element 20A of the uppermost test 
bearing 20 as shown in Fig. 2, by allowing the sleeve 18a to be 
pressed, and similarly transmitted to each test bearing 20. 
Fretting Endurance Test 

Test Bearing: SR1810 

Lubricant: Mineral oil grease 

Frequency: 30 Hz 

Load: 9.8 N 

Oscillation Angle: 8° 

Number of Cycles: 200,000,000 cycles 
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Table 4 shows that the steels of the invention contain 
no coarse Carbides and have high hardness, so that they are 
excellent in acoustic performance and further low in torque. 
Further, they are also good in resistance to fretting by the 
effect of nitrogen contributing to the wear resistance, as well 
as high hardness, and the bearings in which high carbon Cr 
stainless steels are used in the rolling elements are 
particularly effective. 

In contrast, the test pieces for comparison Nos. 6 and 
7 are examples in which the races and the rolling elements are 
both formed of conventional high carbon Cr stainless steels, 
and somewhat poor in acoustic performance, because of presence 
of coarse carbides. No. 6 which is small in the carbon content 
has a tendency to be somewhat poor in resistance to fretting. 
Further, it is insufficient in hardness, and tends to increase 
torque by internal wear. In the test piece for comparison No. 
8, the content of C + N is less than 0.45^ so that the hardness 
is insufficient and the resistance to fretting is significantly 
deteriorated . 

As described above, the present invention not only 
improves the functions of the conventional stainless steels, 
but also gives good workability. Accordingly, the stainless 
steels of the present invention can be suitably used as 
materials for bearings to be machined. 



o 



EXAMPLE II 

This example corresponds to the above-mentioned 
second embodiment. 

Materials to be subjected to tests of the present 
invention were prepared as shown in Table 5 . 

TABLE 5 



Samt>le 


C 


. Mn 


Si 


Cr mo 


N Remark 


P 


0.85 


O.BO 


0.30 


0.25 




Q 


1.01 


0.30 


0.30 


1.50 


SUJ2 


N 


1.02 


0.59 


0.36 


17.12 0.40 


SUS 44 0C 


R 


0.63 


0.70 


0.47 


12.97 


13Cr stainless 


S 


0.45 


0.30 


0.30 


13.00 


0.14 N-containing 



stainless 

Heat-treatment -conditions of the samples , -and examples 
of the invention and comparative examples are shown in Tables 
6a and 6b. The resistance to fretting, a characteristic 
required for bearings for various spindles , various spindle 
motors and swing arms for HDD drives, was evaluated by 
measuring the wear depth of an inner race, torque before and 
after test and the fluctuation width of torque by use of a 
fretting endurance tester shown in Fig. 1 under the following 
conditions. The degree of torque and the fluctuation width 
thereof were measured at a rate of 2 rpm turning the bearing at 
360° to make evaluation using each average value and 
fluctuation width. 
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Fretting Test Conditions 

Test bearing: SR1810 
Lubricant: Mineral oil grease 
Frequency: 30 Hz 
Load: 9,8 N 
Oscillation Angle: 8° 

Number of Cycles: 200,000,000 cycles 
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From Tables 6a and 6b , the bearings of the invention 
are constituted by using the specific high carbon steel of the 
above (4) in the races and the high Cr martensitic stainless 
steels in the rolling elements, so that the mutual interference 
of coarse carbide particles is eliminated, and further the 
roughness accuracy and the hardness on the race side are 
improved, thus realizing good acoustic performance and low 
torque. Further, fretting damage on the race side is reduced 
by forming the rolling elements of the stainless steels to 
prevent the functional depression of the bearings. 

in particular, when the rolling elements are formed of 
the stainless steels containing nitrogen, the fretting damage 
is effectively inhibited, further c<»rs«ning _ of the 

carbides is" "also" inhibited. Accordingly, the acoustic 
performance also tends to be improved. When Material P 
containing 0.9% by weight or less of C and 0.6% by weight or 
less of Cr is used as the high carbon steel forming the rolling 
elements, it is seen that both the acoustic performance and the 
torque tend to be improved. In contrast, with respect to Nos . 
17 to 19 which are comparative examples, both the races and the 
rolling elements are formed of the high carbon steels, so that 
they are liable to suffer from the fretting damage, resulting 
in a significant functional depression as the bearings, 
although they have good acoustic performance. 

In Nos. 2 0 and 21, both the races and the rolling 
elements are formed of the stainless steels, so that the cost 
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is high. Further, although the fretting damage is relatively 
small, the sufficient acoustic performance can not be obtained 
because of the mutual interference of carbide particles and 
deterioration of roughness accuracy. In No. 22, the bearing is 
constituted by using the stainless steel in the race and the 
high carbon, steel in the rolling elements. Accordingly, not 
only a cost reduction effect is small, but also it is rather 
inferior to the examples of the invention in acoustic 
performance, and the torque and torque fluctuation are also 
increased . 

Further, it more easily suffers from the fretting 
damage than the bearing in which the race and the rolling 
elements are both formed of the stainless steel, unfavorably 
resulting in damage of the inherent functions of the stainless 
steel . 

As described above, the high-functional ball bearings 
for various spindles , various spindle motors and swing arms for 
HDD devices can be provided at low cost by using the high 
carbon steels on the race side, for example, in the outer races 
and the inner races or the shafts, and the high Cr stainless 
steels in the rolling elements . 

E*AFff>LS III 

This example corresponds to the above-mentioned third 
embodiment . 

As materials for inner and outer races, martensitic 
stainless steels containing very fine carbides and having the 
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secondary hardenability were used, the martensitic stainless 
steels each containing 0.40% to 0.45% by weight of C, 0.05% to 
0.20% by weight of N, 12.0% to 13.5% by weight of Cr, 0.1% to 
0.8% by weight of Mn, 0.1% to 1.0% by weight of Si, and Fe and 
inevitable components as the balance, wherein C + N is 0.5% by 
weight or more. 

Results of the acoustic measurement and the fretting 
endurance test for ball bearings of the invention are shown in 
Table 7 , compared with results for the conventional ball 
bearings for comparison. As a material used in examples of the 
invention, the above-mentioned martensitic stainless steel was 
used, which was hardened at a temperature of 1020°C to 1070°C, 
and then, secondarily hardened at 450°C for 2 hours, followed 
by cutting. Then, a nitride layer was formed as a surface 
layer thereof by the gas nit riding method at 410°C for 24 
hours, followed by finishing. The stainless steel having the 
nitride layer with a depth of about 20 ^im (2% of Da: 31.8 *im) 
thus obtained is shown as "A" in Table 7 . Comparison with a 
sample conventionally nitrided at 530°C is described in Table 
8 for reference. The example of the invention is less in 
deterioration of the surface roughness and the roundness, and 
relatively less in cutting allowance, compared with the 
comparative example. This is therefore effective as the heat 
treatment method of minute ball bearings for information 
instruments requiring accuracy. 

SUJ2 used in the conventional ball bearings for various 
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spindles and the l3Cr martensitic stainless steel used in ball 
bearings for swing arms used in HDD devices and the like which 
contain 0.60% to 0.75% of C, 10-5% to 13.5% of Cr, 0.3% to 0.8% 
of Mn, and Fe and inevitable components as the balance are 
described in comparative examples of Table 7 , the latter being 
represented by B. 

As a fretting endurance tester, the tester shown in 
Fig. 1 was used. The test bearing was tested with the inner 
race fixed and the outer race oscillated with the AC servomotor 
under the following conditions: 

Test bearing: 695 

Lubricant: Mineral oil grease 

Frequency: 27 Hz 

Load: 1.5 kgf 

Oscillation Angle: 2° 

Number of Cycles: 100,000 cycles 

As apparent from Table 7, the conventional SUJ2 ball 
bearing for spindles described in comparative example 35 is 
largely decreased in the acoustic level after the fretting 
endurance test, and therefore insufficient in resistance to 
fretting, although it is good in acoustic characteristics. The 
conventional 13Cr martensitic stainless steel ball bearing for 
swing arms described in comparative example 36 is inferior to 
the SUJ2 ball bearing in the acoustic level, although it is 
less lowered than the SUJ2 ball bearing in the acoustic level 
after the fretting endurance test and good in resistance to 
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fretting - 

In contrast, examples 31 to 34 of the invention are 
examples in which the steel of the invention was used in either 
O the races or the rolling elements, and inhibition of adhesion 

to the opposite members improves the resistance to fretting, as 
well as the acoustic characteristics. When an increase in cost 
is allowable to some degree, the use of ceramic balls as the 
rolling elements tends to further improve the resistance to 
fretting, as shown in example 34 of the invention. 

As described above, according to the present invention, 
it becomes possible to provide the ball bearings improved in 
resistance to fretting and good in acoustic characteristics. 

in this example, the Mo-free steel is used as steel A, 
considering" the material cost. However, addition of 3% by 
weight or less (preferably, 0.5% by weight or less in terms of 
cost) of Mo can further improve the secondary hardenability . 
Further, any material may be used as long as it has the 
secondary hardenability and a hardness of 57 or more in HRC . 
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Example 31 

Example 32 

Example 33 

Example 34 

Comparative 
Example 35 

Comparative 
Example 36 



Mai-PT- jal Anderon Value 

Bearing Rolling (before Test) 
Ring Pi anient M- B- H - P- 



Anderon Value 
(after Test ^ 
M. B. H. B. 



A 
SUJ2 
A 
A 
SUJ2 

B 



SUJ2 
A 
B 

S13N4 
SUJ2 

B 



0.6 
0.7 
0.7 
0.8 
0.6 

1.1 



0.8 
0.8 
0.9 
1.0 
0.7 

1.4 



1.1 
1.3 
1.0 
0.9 
4.0 

2.8 



1.4 
1.7 
1.2 
1.1 
4.3 

3.2 



Nitriding 
-Conditions-— 
Treat- Treat- 
ing ing 
Temp. Time 



Invention 
Comparison 



(°C) 

410 

530 



TABLE 8 

Surface Rough- 

— ness-R fl — l-um-} 

Before After 
Nitrid- Nitrid- 
ins ins 



(hr) 
24 
24 



0.12 
0.12 



0.18 
0.48 



Roundness P-P 
(Radius Method) 

-Y-min 

Before After 
Nitrid- Nitrid- 
ino ino 



0.4 
0.4 



0.7 
1.5 



EXAMPLE IV 

This example corresponds to the above-mentioned fourth 
embodiment . 

Materials to be subjected to tests of the invention 
were prepared as shown in Table 9. Further, the cutting test 
was conducted under the same conditions as with Example I. 

The heat treatment qualities are shown in Tables 10 and 
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XX .nd of ev.lu.tion. of tb. .eou.tlc poxf orm.no., th. 

r ..i.t.n=. to fr.ttlng .nd th. r..i.t.no. to ooxro.lon 
according to b.11 be.xing. 695 .xe'.hcvn in T.bl. 12. x« th. 

t.bl.., S0JJ ~ Bl " d " Cribe<1 £M 

ccp.ri.pn.. Af t.x ,..-cool.d .t . h.rd.nin, te»per.ture of 

X030-C, and th.n .»b..ro-tre.t.d .t -00-C, followd by tearing 
« 160'C. X to F were »ubJ.Ct.d to th. «.t.. 

Th. crbid. p.rti=l.. ver. ob..rv.d und.r « .c.nning 
electron -icro.cop. .t . 3000* ».gnif ic.ticn for 20 fi.ld. of 
view, .nd . P«ti=l. h«in, th. -i» ««» ° f 

vie w — COnVert,d " ' ClrCle " 

corr..pondin, dimeter by i~g. proc.ing. Th. di^otor. 
obt.in.d in 20 fi.ld. of vi.v were evor.ged to dcul.t. th. 
^xtToV. .1... rurthox. th. fx.=tio„ df o.xbid.. ... 

a .«r^n«d by ob..rv.tion under .n optical »i=xo.oop. « 10.0X 
unification for 20 fi.ld. of view .nd 1W proc.in,. 

xho .cou.tic performance w.. d.t.™in.d by »e..uxln, 

it s of th. . above-mentioned bowing with »n 
th. X. B. ond H. B. ox 

a»o.ron ».t.r. .nd ..oh wa. d..orib.d .. .n .v.r.g. v.lu. of 
n . J0 . Th. fr.tting ondux.no. t..t v.. n.d. by .ettin, th. 
, b cve-».ntion.d bo.xin, on th. ondur.no. t..t.x .hovm in rig. 

X at . pr.lo.d of l.S *,i. .nd mea.urin, th. .nd.xon v.lu. 

eft.r th. .ndux.nc. t..t undox th. condition, of ,7-H. 

fr .,u.ncy, I- o.ciU.tion .n,!. .nd 100.000 oycl... *h. 

bB .rin, v.. lubric.ted under .light lubxio.tion in which 3 to 

3 «g of . .ynth.tic e.t.r oil wo. .ppli.d. 
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Further, the resistance to corrosion was evaluated by 
the salt water spray test according to JIS Z2 371 in the same 
manner as with Example I. Taking no rust development as A, 
slight rust development as B, rust development on 20% or more 
of a test surface as C, rust development on the almost whole 
surface as D and remarkable rust development as E, the five- 
step evaluation was conducted, and results thereof are 
described. 

From Table 10, in examples of the invention, the 
components, including the carbon content, are adjusted to the 
range in which the workability is improved, to thereby exhibit 
an improvement in tool life and a remarkable reduction in cost. 
In all comparative examples in which the 13Cr martensitic 
stainless steels (comparative examples 44 and 45) and SUS 440C 
(comparative example 46), the conventional steels, are used, 
the carbon content in the materials is high, and a large number 
of hard eutectic carbide particles are contained. Accordingly, 
they are inferior to the steels of the invention in 
workability. 

Further, as apparent from Tables 11 and 12, the 
examples of the invention contain no coarse carbides, and the 
carbon content is reduced and nitrogen is added thereto, so 
that they are significantly superior to the comparative 
examples in acoustic performance and resistance to corrosion. 
Furthermore, in example 42 in which the content of O and 
Ti+O.lAl is reduced, the content of a non-metallic inclusion 
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harmful to the acoustic performance is reduced to further 
improve the acoustic performance. In example 4 3 in which the 
content of S is additionally reduced, even the resistance to 
corrosion is further improved. In contrast , comparative 
example 4 4 which is an example containing the 13Cr martensitic 
stainless steel, the conventional steel, contains a somewhat 
coarse eutectic carbide, so that it is inferior to the steels 
of the invention not only in acoustic performance, but also in 
resistance to corrosion. Comparative example 45, in which the 
content of S and Ti+0.1Al in the 13Cr martensitic stainless 
steel, the conventional steel, is reduced, is inferior to the 
steels of the invention in an effect exerted on the acoustic 
performance or the resistance to corrosion because a coarse 
eutectic carbide remains. Comparative example 46, which is an 
example of SUS 44 0C, the conventional steel, is insufficient in 
both acoustic performance and resistance to corrosion because 
an extremely coarse eutectic carbide is contained. Further, 
comparative example 47, which is an example of SUJ2 used for 
spindle motors at present, is excellent in acoustic 
performance, but insufficient in resistance to corrosion and 
resistance to fretting. 

Since the present invention ont only improves the 
functions of the conventional stainless steel but also imparts 
good workability thereto as described above, the steel of the 
present invention can be used suitably as a material for 
rolling bearings and is remarkably effective in cost reduction 
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and high function particularly in a ball bearing for 
information apparatus . 

As described above, in the ball bearing of the present 
invention, with respect to the stainless steel which is a 
constituent material thereof, carbon which adversely affects 
the resistance to corrosion and forms a coarse eutectic carbide 
to deteriorate the functions, when its content is large, is 
partly substituted by nitrogen having solid solution 
strengthening action at a level similar to that of carbon, and 
further the content of impurities is decreased, thereby 
inhibiting formation of the coarse eutectic carbide or the non- 
metallic inclusion harmful to the acoustic performance and the 
resistance to corrosion. As a result, the workability is also 
improved, thereby enabling the production of the high- 
functional ball bearing at low cost. 
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TABLE 10 



Example 4 1 

Example 42 

Example 4 3 

Comparative 
Example 44 

Comparative 
Example 45 

Comparative 
Example 4 6 



Example 41 

Example 42 

Example 43 

Comparative 
Example 44 

Comparative 
Example 45 

Comparative 
Example 46 



Symbol 

A 
B 
C 
D 



Annealing 
Hardness 
(HRB) 

88 

89 

89 

93 

93 

95 



Tool Life 
(rain) 

89 

90 

80 

56 

50 

41 



Symbol 

A 
B 
C 
D 



TABLE 11 

Particle Size Area Fraction 
of Carbide of Carbide 



— (Mm) 
0.90 
0.88 
0.87 
3.6 

3.4 

13.2 



(■%•) 
2 or less 
2 or less 
2 or less 
3-5 

3-5 

14-16 



Hardness 
(HRC) 

61.8 

61.7 

61.9 

60.7 

60.6 

61.4 
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TPiBT'E 12 
Acoustic 

p?rff?fffl ancfe 

Symbol M B - - ti i fli 



Fes i stance 
X- B- ,.. Ht JL 



Example 41 

Example 42. 

Example 43 

Comparative 
Example 44 

Comparative 
Example 45 

Comparative 
Example 46 

Comparative 
Example 47 



A 
S 

c 

D 



SUJ2 



0.5 
0.5 
0.3 
0.8 

0.8 

1.3 

0.4 



0.7 
0.5 
0.4 
1.0 

0.9 

1.8 

0.5 



0.8 
0.8 
0.7 
1.3 

1.2 



1.1 
1.0 
0-9 
1.5 



Resistance 
to Corrosion 
(Salt Water 

ScaaJ 

B 



1.5 



3.6 



1.3 
2.0 
4.0 



.- flXnttPlE * - 

to t he above-mentioned fifth 

This example corresponds to tne 

embodiment . 

Material, to be subjected to tests of the invention and 
.teels for comparison used as material, for race, were prepared 
a . .nown in Table 13. Further, materials used for rolling 

elements are described in Table 14 . 

the races were formed of the 
695 was used a. bearing., tne 

ferial, scribed in Table 13. - «- — ■» 

t or».d of the -t.ri.1. de.cribed in Ml. 14 were inoorpor.ted 
t H.roin, end then .ubjeeted to the te.t. T»e ~t.riai. for 
„c« de.cribed in »1. 14 were hardened at a te-perature of 
10 30-C. and !u bzero-tre.ted. followed by tenperino at UK for 
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2 hours. Carbides contained in the respective materials at 
this time had a particle size of 0.9 nm and a area fraction of 
2% or less for steel A and steel B of the invention , whereas 
had a particle size of 4 ^m or more and a area fraction of 3% 
or more for steel C and steel D for comparison. 

Combinations of the invention , combinations for 
comparison and a comparison of the acoustic performance thereof 
are shown in Table 15. Further, changes with time in anderon 
values measured by use of the bearings shown in Table 15 are 
shown in Figs. 4a and 4b, in which E51, E54 # CE56 and CE 58 
indicate Examples 51 and 54, Comparative Examples 56 and 58, 
respectively. The measurement of changes with age was made by 
incorporating the-above-mentioned bearing into a spindle motor, 
conducting a rotation test at a load of 2.0 kgf at a revolution 
of 7 200 rpm, and similarly measuring anderon values with 
stopping for every 100 hours. Further, the resistance to 
corrosion described in Table 15 was evaluated by the salt water 
spray test according to JIS Z2371 using a 5% solution of NaCl 
at 35°C, after an outer race of the bearing was completely 
degreased with acetone. Results of the four-step evaluation in 
the order of ©, o, a and x from a better to a worse are shown 
in the table. 

From Table 15, examples 51 to 55 of the invention in 
which the steels of the invention are used in the races and the 
high carbon bearing steels are used in the rolling elements are 
superior to the comparative examples in acoustic performance 
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and resistance to corrosion, because the steels of the 
invention contain very fine carbides compared with the steels 
for comparison. In Table 15, the comparative examples in which 
the inner races, the outer races and the rolling elements are 
all formed of the single materials are described, wherein 59 is 
the case of steel X ( SUJ2 ) , and 60 is the case of steel C. 60 
is superior to 59 in resistance to corrosion, but inferior to 
5 9 in acoustic performance or cost because of a hard and coarse 
carbide contained. Comparative examples 56 and 57 in which 
only the rolling elements are formed of steel X or steel Y 
(SUJ2) are remarkably improved in acoustic performance, but 
somewhat inferior to 59 in which all are formed of steel X 
(SUJ2). Further, comparative example 58 is an example in which 
the race is formed of steel D (SUS 440C) and the rolling 
elements are formed of steel X (SUJ2), and inferior to 56 or 57 
in acoustic performance because of a coarse carbide . In the 
examples of the invention, the acoustic performance is more 
improved particularly when steel B in which the content of O 
and Ti+O.lAl is reduced is used in the race and steel Y (SUJ2) 
in which the content of 0 and Ti+O.lAl is reduced likewise is 
used in the rolling elements. Further, when the rolling 
elements are formed of steel Z containing smaller amounts of C 
and Cr than SUJ2 , the acoustic performance tends to be more 
improved because carbide particles are made fine and decreased. 
It has been confirmed that C is preferably within the range of 
0.8% to 0.9% by weight and Cr is preferably within the range of 



0.1% to 0-6% by weight. 

Further, as described in Figs. 4a and 4b, the examples 
of the invention reduces damage of the opposite members, namely 
the rolling elements, to inhibit deterioration of accuracy, 
because the steels of the invention have an effect of 
conversion to a passive state giving a frictional wear 
inhibiting effect, thus resulting in extremely reduced 
deterioration with age of the acoustic performance. In 
contrast, in comparative examples 56 and 58 , the frictional 
wear inhibiting effect is smaller than that in the examples of 
the invention and coarse hard carbide particles are contained, 
so that the accuracy of the rolling elements is significantly 
deter iorated -and -the durability- is -poor . In Fig - 5 , changes in 
initial anderon values and anderon values after the 300-hour 
rotation test are shown. In the comparative examples, the 
anderon values largely change after the rotation test, whereas 
in the examples of the invention, no substantial deterioration 
of the acoustic performance is observed. It is therefore 
confirmed that the examples of the invention have good 
durability. 

As described above, the present invention is highly 
effective for both the cost reduction and the high functions, 
particularly in bearings for information instruments. 

As described above, in the ball bearing of the present 
invention, with respect to the stainless steel which is a 
constituent material thereof, carbon which adversely affects 
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the resistance to corrosion and forms a coarse eutectic carbide 
to deteriorate the functions, when its content is large , is 
partly substituted by nitrogen having solid solution 
strengthening action at a level similar to that of carbon, and 
further the content of impurities is decreased, thereby 
inhibiting formation of the coarse eutectic carbide or the non- 
metallic inclusion harmful to the acoustic performance and the 
resistance to corrosion. Further, the rolling elements are 
formed of the high carbon bearing steel advantageous in cost, 
thereby enabling the production of the high- functional durable 
ball bearing at low cost- 

TABLE 13 



Symbol 


... c 


54. 


Mn 


Cr 


N 


Mo 


0 


Ti+0 • 1A1 




(Wt%) 


(wt%) 


(wt%) 


(wt%) 


(wt%) 


(wt%) 


(ppm) 


(ppm) 


A 


0.43 


0.30 


0.30 


13.0 


0.14 




22 


55 


B 


0.43 


0.30 


0.30 


13.0 


0.14 




7 


28 


C 


0.67 


0.35 


0.70 


12.9 






23 


54 


D 


1.05 


0.40 


0.65 


17 .4 




0.38 


23 


46 



TABLE 14 



Symbol 


c 


Si 


Mn 


Cr 


o 


Ti+O.lAl 




(Wt%) 


(wt%) 


(wt%) 


(wt%) 


(ppm) 


(ppm) 


X 


1.05 


0.30 


0.30 


1.51 


13 


58 


Y 


1.04 


0.30 


0.30 


1.47 


7 


31 


2 


0.87 


0.30 


0.90 


0.27 


8 


38 
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o 



„ j c to t >,e above-mentioned sixth 

This example corresponds to tne ^ 

embodiment . 

„.t.ri.l. « M .ubj.ct.d to te.t. .nd .teel. for 
co-o.ri.on wore pr.p.r.d e. — *• Purth.r r 

„, ult , o£ .v.l».tio» of the odd workability nr. ahown in 
«bl. 17- A. t..t piec... on., obtained by hot-rolUn, a 
„olt.o -tori.! to . dieter of 20 «. anne.lin, .nd cutting 
lt to . l.»*th of 25 n» «r. u.ed, .nd th. .nd f.c. collet. 
con.tr.int t..t conduct.- to —no th. r..i.t.nc. to 
d . 4 or».tion « . dr.ft of 50* .nd th. critic! r.tlo to croc, 

initiation of each material. 

u .i„o ^at.ri.1. having-* dimeter of .... . ****** 
spared, cold d„wing v.. P-rfcr-d und.r r..p.ctiv. 
condition, of .urf.ce d.cr...in, r.t.. of 10%, 20% .nd 30, to 
„„ in . th. -orKin, h.rd.n.billty ,.v.lu.t.d by th. h.rdn... 
.«.x coid drawing, to ..ch .urf.c. decreeing r.t... Furth«, 
,.in, t..t pi.c. h.vi» 9 . .urf.ce d.cr...in, r.t. of 30%. coid 
dr .win, «. conducts, folio— * ".ndin, for 24 hour.. 
Th.n. .urfnc. th.r.of war. ob..rv.d. .nd on., on which aging 
crack. «.» obaerved era de.ignat.d by in th. tdd.. 

... to -f, .te.l. of th. invention. ver. low in 
h .rdn... .f«r annealing, end good in both deformability .nd 
xe.i.tanc. to d.for»ation. Further, th. worKin, hard.nebllity 
to th. .«rf.=. d.cr...in, r.t. in cold working w.. low, .nd no 
„ein, cr.ck w.. curved. m contr..t. .il coa*.r.tiv. 
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3 



examples except for steel "1" showed results inferior to those 
of the steels of the invention. As to "g" to "k" , the content 
of alloy components did not satisfy the range of the 
embodiment, and steel M m M contained no nitrogen. Accordingly, 
eutectic carbides having a size of about 5 nm to about 10 urn 
were produced more or less, which caused deterioration of the 
cold workability. In particular, "n M to "p M , conventional SUS 
4 40C or 13Cr martensitic stainless steels, were very poor in 
workability, working strains remained therein, and ageing 
clacks were developed starting from vicinities of coarse 
carbide particles. 

Further, heat treatment was conducted under the 
following conditions, and the surface hardness (0.15 mm in 
depth), the hardened layer depth (550 Hv) , the resistance to 
corrosion according to the salt water spray test, and the 
rolling fatigue strength were measured. The respective test 
conditions are described below. 
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Symbol C 

a 0.37 

b 0.40 

c 0.50 

Invention 

d 0.43 

e 0.33 

f 0.35 



Comparison 



g 


0.39 


h 


0.35 


i 


0.37 


j 


0.39 


k 


0.43 


1 


0.38 


ro 


0.46 


n 


0.72 


o 


0.65 


P 


1.07 



TABLE 16 

Si Mn 

0.57 0.38 

0.33 0.31 

0.30 0.28 

0.40 0.30 

0.50 0.52 

0.30 0.40 

1.13 0.51 

0.50 1.10 

0.42 0.34 

0.57 0.52 

0.45 0.44 

0.35 0.70 

0.36 0.36 

0.48 0.49 

0.16 0.69 

0.38 0.57 



Cr Mo 
13.25 
13.00 

12.87 0.42 

12.95 

12.30 

13.01 0.10 

13.03 

12.99 

12.99 0.67 
16.43 

13.00 0.22 
13.05 0.09 
13.01 

11.50 0.10 
12.50 0.10 
17.26 0.38 



V N 

0.11 
0.18 
0.18 
0.14 

0.12 0.13 

0.11 0.13 
0.13 

0.42 0.14 
0.13 
0.14 

0.32 0.12 
0.02 
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Httit Tr°^™ pnr roTumiPiw 

Test Piece: » 13.2 x 490 (only 400 mm in a center 

^ portion i» hardened) 

induction Hardening Device* 

Oscillation System* Transistor- inverter system 

Output: 200 kW 
Frequency: 30 kHs 
Hardening Conditions: 310 V x 24 ./second 

(hardening temperature: 1050-1120'C, according 
to measurement with a radiation 
thermometer) 
Hardening: -80'C x 1 hour after water cooling 
Tempering: 170»C x 1.5 hours 

salt y?r» y s "™ v Tefft 

This test was performed using a 5% solution of NaCl at 
35-C according to JXS 22371, and judged by obeerving an 
external appearance thereof after a test time of 50 hour-. The 
degree of rust development was evaluated by the three step, of 
o, l and x from a better to a worse. 

Balling ra -ipnr sxi*na£h 

The fatigue strength test was performed by the surface 
damage type radial strength test as shown in Fig. 3. based on 
the fact that almost all damage forms of commercial linear 
guide bearing apparatuses observed are peeling-like surface 
dw »age, and the cumulative number of repeated stress cycle, 
(life) up to the time when flaking was developed on each 
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sample was examined to prepare Weibull plots. Then, the L10 
life of each sample was determined from each Weibull 
distribution- The test conditions thereof are described below: 

Test Surface Pressure: 450 kgf/mm 2 

Revolution: 7800 rpm 

Lubricant: S10 turbine oil (Manufactured by Idemitsu 

Petrochemical Co., Ltd.) 
Rolling Element: 3 balls of 27/32 inch 
(average roughness: 0.27 nm) 
(1) of Fig. 3 shows a plan view of this tester, and (2) 
shows a cross sectional view taken along line a-a' of (1). The 
reference numeral 30 indicates a test piece (* 12.9 x 80), 31 
indicates 27/32-inch balls, and 32 indicates a ring. The test 
piece is rotated at 7800 rpm. 
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Invention 





Hard- 


Hardened 
Layer 
frypth - 
(mm) 


Salt water 

prrfiY Tee* 


Lio Life 


c vmbol 


ies 

(HRC) 




(x 10* cycles) 


a 


61.7 


1.5 


o 


10.6 


b 


62.1 


1.5 


o 


10.8 


c 


62.0 


1.4 


o 


11.4 


d 


61.9 


1.5 


o 


10- € 


e 


62.2 


1.4 


0 


11.2 




g 


61.7 


1.4 


h 


58.7 


1.5 


i 


62.0 


1.4 


j 


61.7 


1.5 


X 


61.9 


1.4 


1 


60.6 


1.4 


m 


60.1 


1.3 


n 


59.8 


1.1 


o 


60.2 


1.2 


P 


59.4 


0.9 



o 
o 
© 
o 
o 
▲ 

X 
X 
X 
x 



11.3 
8.6 
10.5 
10.9 
11.9 
4.8 
7.6 
2.4 
2.8 
1.3 



F ro» Table 18, in the example, of the invention, 
efficient hardnea. and hardened layer depth can be ee.ily 
obtained even in 5 hort-ti«e heating by induction hardening, 
compared with -o" and » P «, the conventional ateels, 

oecauae carbide- and nitride, are dispersed finely and 
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m ««ultB are obtained in both the 
uniformly. Further, good results 

uniformly 8tren gth also by the 

resistance to corrosion ano the fatigu 

re,iB T - .i- tno comparative 

influence of addition of nitro 9 .n. In 1 , « P 

. w..i,.d However, it is inferior 
ex«ple. ,ood workability i. obtained. Ho-eve 

" L at.el. of the invention in f.ti,-. etr.n,tb end 
r :, i8 lc. to corro.ion, beceua. tb. total content of carbon 

nitron * — - — - — - — 
is iMu£ :::: e :. - — - «- — - '~ d 

_ rk . bUlty , nd neat treatment productivity, and el.o 9 ood in 
Ti in i . - r.al.tanc. to corro.ion. ao tnat tbey are in 

"ta^ t a — «— ~ ""^ " T 
ex.- tnat ln.rp.nelv.. bi 9 b- functional iinear ,uid. 

h« fl f stainless steels can be provided by 
h .. rinfl apparatuses made of stain-ieee 

invention. 

mMPT.B SIX 

t _ *v e above-mentioned seventh 

This example corresponds to tne ao 

^^erlal. to be a^ected to te.ta and ateeia for 
eow ari.o» were prepared uain, alloy component, a. abown - 
J» U. further, tb. beat treatment ^.litie. -fter beat 

^nt. r.ault. of tb. evaluation teat of tb. reaiatano. 
corI o.ion and re.ult. of tb. rollin, life teat are . - 
T abl. ... m reapect to beat treatment condition., tbe baa tin, 
Zeratur. «.. X030-C to XU«. and Mediately after coolln, 
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with nitrogen gas, subzero treatment was conducted at -190°C 
for 30 minutes, followed by tempering at 160°C to 180°C for 2 
hours, or at 450°C to 520°C for 2 hours. In the table, the 
treatment at 160°C to 180°C for 2 hours is designated as 
"treatment A M , and the treatment at 450°C to 520°C for 2 hours 
is designated as "treatment B w . 

The reason why the treatment temperature of treatment 
B is set to 450°C to 520°C is that hardening at a temperature 
higher than the range initiates coagulation of secondarily 
precipitated carbides and nitrides to cause not only softening 
but also rapid deterioration of the resistance to corrosion. 

The heat treatment qualities were judged for S- ferrite 
and the eutectic carbide. For S-ferrite # 400-ram 2 fields of 
view to be inspected were observed under an optical microscope 
at 4 0 OX magnification, and when S-ferrite was observed, it was 
described as "x M in the table. For the eutectic carbides, 
image processing was performed, and when the carbide having a 
circular-corresponding diameter exceeding 3 ixm was observed, 10 
particles were sampled in the order of the size thereof and an 
average value thereof was obtained. When no particle having a 
circular-corresponding diameter exceeding 3 nm was observed, it 
was rated as "none". 

The resistance to corrosion was evaluated by the salt 
water spray test and the measurement of pitting potential. The 
salt water spray test was performed using a 5% solution of NaCl 
at 35°C according to JIS Z2371, and judged by observing an 
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external appearance thereof after a test time of 150 hours. In 
Table 20 , . "©" indicates no rust development , "O" indicates 
slight rust development, "a" indicates rust development on the 
almost whole surface, and M x" indicates remarkable rust 
development. Further, the pitting potential was measured 
according to JIS G0577. First, the test piece polished to #800 
with abrasive paper was immersed in a 30% solution of HN0 3 at 
60°C for 1 hour to conduct passive state formation treatment, 
and then, swept in a 3.5% solution of NaCl at 30°C at a 
potential sweep rate of 20 mV/minute. The pitting potential 
was evaluated by mV vs SCE at the time when the anode current 
density reached 100 nA/cm 2 . 

Further, the life test was conducted using a thrust 
type rolling life tester described in Handbook of Specj^l 
Steels , the first edition, pages 10 to 21 (edited by Denki 
Seiko Kenkyusho, published on May 25, 1969, Rikogakusha) under 
the following conditions, and the cumulative number of repeated 
stress cycles (life) up to the time when flaking was developed 
on each sample was examined to prepare Weibull plots. Then, 
the L10 life of each sample was determined from each Weibull 
distribution. 

Clean Lubrication Life Test 

Surface Pressure: 4900 Mpa 
Revolution: 1000 rpm 
Lubricating Oil: #68 turbine oil 
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Salt Water Spray Cycle Life Test 

First, the salt water spray test was carried out for 2 
hours under the conditions based on JIS Z2371 described above , 
and after sufficient degreasing with acetone, the above- 
mentioned clean lubrication life test was conducted up to 1 
xlO 7 cycles* When not damaged at this time, the salt water 
spray test was similarly carried out for 2 hours, after 
degreasing with acetone, and this treatment was repeated. The 
cumulative number of repeated cycles up to the time when 
flaking was developed on each sample was taken as the life. 
Similarly with the clean lubrication life test/ Weibull plots 
were prepared and the L10 life of each sample was determined 
from each Weibull distribution, thereby making evaluation. 

From Tables 19 and 20, in the steels of the invention, 
formation of coarse eutectic carbides is prevented by 
satisfying C% < -0.05Cr% + 1.41, and formation of 6- ferrite 
harmful to the toughness and life is also prevented by allowing 
the mutual relationship between (egl) = Cr% + Si% + 1.5Mo% and 
(eq2) = C% + 0.83N% + 0.12Mn% + 0.05Ni% + 0.02Cu% to satisfy 
<eq2) > 0.04 x (eql) - 0.39. Further, the pitting index PI 
value satisfies PI = Cr% + 3.3Mo% +30N% - 45C% > 10.0, and the 
total content of C and N satisfies C + N > 0.4%, so that the 
steels of the invention are very high in hardness and excellent 
in resistance to corrosion. As apparent from Table 20, the 
steels of the invention indicated by 71 to 83 are very 
excellent in resistance to corrosion and long in life. In 
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particular, comparative examples 84 and 85, the conventional 
martensitic stainless steels, are greatly reduced in life by 
the salt water spray cycle life test, whereas the steels of the 
invention show a long life. 

Further, the steels of the invention are secondarily 
hardened without so much damage of the resistance to corrosion, 
as shown in 81 to 83, so that they can be sufficiently used in 
high-temperature specification in which relatively high 
temperature is used or dimensional stability is required. 

Comparative examples 84 and 85, the conventional 
martensitic stainless steels, are low in carbon content, so 
that they are poor in resistance to corrosion. In particular, 
comparative example 85 does not satisfies equation 1, so that 
the eutectic carbide is extremely coarse and the life is short. 
Comparative examples 86, 88 and 93 to 100 satisfy equations 1 
and 2, but the pitting index PI of equation 3 is not 
sufficiently secured. They are therefore inferior to the 
steels of the invention in resistance to corrosion. 
Comparative examples 87, 89 and 90 do not satisfy equation 1, 
so that the coarse eutectic carbides are formed to deteriorate 
the resistance to corrosion and the life. Comparative examples 
91 and 101 do not satisfy equation 2, resulting in formation of 
S-ferrite. In comparative example 92, the total content of 
carbon and nitrogen for solid solution strengthening of 
martensite is less than 0.4% by weight, so that the hardness is 
insufficient to lower the life. 
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As described above, the present invention significantly 
improves the resistance to corrosion and the life of the 
conventional stainless steels to provide the highly corrosion 
resisting martensitic stainless steels for rolling. 
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EXAMPLE VIII 

This example corresponds to the above-mentioned eighth 
embodiment . 

Alloy components of materials to be subjected to the 
test and steels for comparison are shown in Table 21. The heat 
treatment, the test for evaluating the resistance to corrosion 
and the rolling life test were conducted in the same manner as 
with Example VII, and results thereof are shown in Table 22. 

The high-temperature life test was carried out under 
the following conditions using a deep groove ball bearing 6206. 
Hiah-Temperature Life Test 

Temperature : 1 7 0°C 

P/C: 0.71 

Lubrication: Jet oil 
Ball: M50 

From Tables 21 and 22, in the steel V of the invention, 
(1) formation of a coarse eutectic carbide is prevented by 
satisfying C% < -0.05Cr% + 1.41, (2) a reduction in hardness 
due to formation of 6-ferrite harmful to the toughness and life 
and an increase of residual austenite is also prevented by 
allowing the mutual relationship between (eql) = Cr% + Si% + 
1.5Mo% + 3.5V% and (eq2) = C% + 0.83N% + 0.12Mn% + 0.05 (Ni + 
Co)% + 0.02Cu% to satisfy (eq2) > 0.04 x (eql) - 0.39 and 
satisfying (eq2) < 0.8, and (3) the pitting index PI value 
satisfies PI = Cr% + 3 . 3Mo% +30N% - 45C% > 10.0, and the total 
content of C and N satisfies C + N>0.4%, so that the steel V 
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of the invention is very high in hardness and excellent in 
resistance . to corrosion. Further, (4) the high-temperature 
life characteristics required for bearings used at relatively 
high temperatures are also good by optimizing the compositions 
of Mo + V and Co + Ni contained. As apparent from Table 22, in 
(C-l) to (C-12) (examples 101 to 112) which are examples of the 
invention in the case of treatment B, substrates are solid 
solution strengthened with the alloy components of Co and Ni, 
and secondarily hardened with carbides and nitrides of Mo, V, 
Cr and the like. Accordingly, the resistance to corrosion, the 
life under corrosive circumstances and the high-temperature 
life are all good. Examples 113 and 114 are examples treated 
by treatment A, and extremely good in resistance to corrosion 
and life under corrosive circumstances. However, the high- 
temperature life test, which is a test carried out at a 
temperature approximately similar to the tempering temperature, 
was not performed because this method is unfavorable on 
consideration of dimensional changes. 

In comparative examples 115, 116 and 122 to 127, the 
content of Co + Ni or Mo + V is less than that of the 
invention, so that they are inferior in high-temperature life. 
Comparative examples 117, 119, 128 and 129 do not satisfy the 
relationship of the above (2), and 6-ferrite was formed. 
Accordingly, the subsequent evaluations were not conducted. 
Comparative examples 118 and 120 do not satisfy (eq2) < 0.8 of 
the above (2), and therefore, residual austenite is stabilized 
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to fail to obtain sufficient hardness, resulting in failure to 
obtain good life. Comparative example 121 does not satisfy C 
+ N > 0.4% of the above (3), so that sufficient hardness is not 
obtained, resulting in failure to obtain good life. Further, 
comparative examples 122, 123 and 126 do not satisfy PI of the 
above ( 3 ) , and are inferior to the examples of the invention in 
resistance to corrosion. In particular, comparative example 
126 does not satisfy the above (1), so that the resistance to 
corrosion and the life are extremely deteriorated by the 
eutectic carbide. Comparative example 125 satisfies PI of the 
above (3), but does not satisfy the above (1). Accordingly, 
the resistance to corrosion and the life are deteriorated by 
the eutectic carbide. 

Fig. 6 is a graph showing a correlation between the C 
content and the Cr content, and when the relationship of the 
above (1) is not satisfied, formation of coarse eutectic 
carbides having a size having 3 uro or more is shown. In Fig. 
6, "CT indicates the formation of eutectic carbides having a 
size having 3 urn or more, •■" indicates no formation of 
eutectic carbides, and "NN" indicates non-addition of nitrogen. 
The steel v of the invention satisfies the relationship of the 
above (1), so that no eutectic carbide is formed, as shown in 
Fig. 6. Even if the relationship of (1) is satisfied, an 
eutectic carbide is sometimes exceptionally formed when no 
nitrogen is contained. Further, formation of an eutectic 
carbide deteriorates induction hardenability , resulting in 
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difficulty in obtaining sufficient hardened layer depth, or 
penetration thereof allows unevenness in hardness to develop. 
It is therefore very important to satisfy this relational 
equation . 

Fig. 7 is a graph showing a correlation between eql and 
eq2, in which "O" indicates the formation of 6-ferrite and 
indicates no formation of 6-ferrite. When the relationship of 
(eq2) > 0.04 x (eql) - 0.39 of the above (2) is not satisfied, 
formation of 6-ferrite harmful to toughness is shown. The 
steel V of the invention satisfies this relational equation, so 
that no 6-ferrite is formed. 

From the above, it is the minimum requirement for the 
present invention to satisfy the above (1) and (eq2) > 0.04 x 
(eql) - 0.39 of the above (2). 

Further, stainless steels are extremely inferior to low 
alloy steels in machinability and cold workability. It is 
therefore one feature of the present invention to improve them. 
In order to improve them, it is necessary to satisfy 0.4 0 < C 
+ N < 0.7, eql < 14.0 and eq2 < 0.8, in addition to the above- 
mentioned conditions of (1) and (2). This is particularly 
important, because when eq2 < 0.8 is not satisfied, austenite 
is stabilized and a large amount of residual austenite remains 
after hardening, resulting in failure to obtain sufficient 
hardness, as shown in Fig. 8, in which indicates heat 

treatment A and m O" indicates heat treatment B, and "FC" 
indicates the formation of eutectic carbides. 
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Furthermore, it is another feature of the present 
invention to remarkably improve the resistance to corrosion of 
the conventional martensitic stainless steels. Fig. 9 shows a 
correlation between the PI value and the pitting potential, 
which is a relational equation discovered by the present 
inventors. -■■ indicates heat treatment A and "O" indicates 
heat treatment B, and "FC" indicates the formation of eutectic 
carbides. As apparent from the figure, the higher PI value 
tends to result in the higher pitting potential, and the 
resistance to corrosion is remarkably improved at a PI value of 
10.0 or more of the present invention. When a coarse eutectic 
carbide is contained, it tends to become difficult to obtain 
good resistance to corrosion even if the PI value is high. 

A further feature of the present invention is to 
improve the high-temperature life when rolling fatigue is 
applied at a relatively high temperature. Fig. 10 shows a 
correlation between the content of Co + Ni or Mo + V and the 
high-temperature life, which is a relational graph discovered 
by the present inventors. In Fig. 10, "o", and »x» 

indicate a life of 200 hours or more, 100 hours or more, and 
less than 100 hour, respectively. Co and Ni mainly perform 
solid solution hardening of the substrates, and Mo and V are 
mainly finely precipitated in the substrates for dispersion 
strengthening. This shows that too small the content of Co + 
Ni or Mo + V results in difficulty of obtaining good high- 
temperature life. 
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As described above, the present invention provides the 
high corrosion resisting martensitic stainless steels for 
rolling in which particularly the resistance to corrosion, the 
life, and further the high-temperature life of the conventional 
stainless steels are significantly improved, and which can be 
used for through hardening. 
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CLAIMS 



1. A rolling apparatus comprising an outer member, 
an inner member and a plurality of rolling elements 
disposed therebetween, wherein at least one of the outer 
member, the inner member and the rolling elements is formed 
of a martensitic stainless steel containing 0.45% by weight 
or less of C, 15% to 20% by weight or Cr, 0.1% to 0.8% by 
weight of Mn, 0.1% to 1.0% by weight of Si, 0.05% to 2.0% 
by weight of N, 0.5% to 3.0% by weight of Mo, 1.5% by 
weight or less of Ni, 0.1% to 2.0% by weight of Cu, and Fe 
and inevitable impurities as the balance, wherein 

the relationship between the content of C and that of 
Cr satisfies C% <s -0.05Cr% + 1.41; 

the relationship between a specific relational 
equation eql indicating the content of elements 
accelerating the conversion of the raw material to ferrite, 
taken as (eql) - Cr% + Si% + 1.5Mo%, and a specific 
relational equation eq2 indicating the content of elements 
accelerating the conversion of faw material to austenite, 
taken as (eq2) = C% + 0.83N% + 0.12Mn% + 0.05Ni% + 0.02Cu%, 
satisfies 

(eq2) ;> 0.04 x (eql) - 0.39; 

the total content of C and N satisfies C + N ^ 0.4%; 

and 

the pitting index PI value satisfies PI = CR% + 3 . 3Mo% 
+ 30N% - 45C% 2> 10.0. 

2. A rolling apparatus as claimed in claim 1 
containing 1.0% to 7.0% by weight of Co, and 1.0% by weight 
or less of V, wherein 

Mo + V is 0.8% to 4.0% by weight ; 

Co + Ni is 2.0% to 8.0% by weight; and 

the relationship between the content of C and that of 
Cr satisfies C% < -0.05Cr% + 1.41; 

the relationship between a specific relational 
equation eql indicating the content of elements 
accelerating the conversion of the raw material to ferrite, 
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, Cr9 . + si% + i.5Mo% + 3.5V%, and a specific 

taken as («ql) = Cr . _ Sl ' content of elements 

relational equation eq2 indicating ^ 

accelerating the — <* ^ q ^ + Q . 05(Ni 
austenite, taken as (eq2) - C« * 0 83 _ ^ 

+ C o)% + 0.02Cu%, satisfies (eq2) >- 0 . 04 x (eqlJ 
(eq2) * 0.8. 
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